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CHAPTER 1

PM.ACM: AIRCRAFT MOTION

1. Introduction

This submodule of the Physica Models module contains programs that model aircraft motion. Aircraft
location, velocity, and attitude with respect to the earth and airmass are derived from measures of aircraft motion
from devices and other physical models modules.

The airframe coordinate system is a set of orthogona axes stationary with respect to the body of the air-
craft. TheY axis positive direction is forward (toward nose, from tail), the positive X axis pointsin the direction
of the right wing, and the positive Z axis points from the aircraft center towards the top of the a/c. These are
referred to asthe Ya, Xaand Za axes.

2. Interface overview

2.1. Access Program Table

Program Parameters Description Undesired events

The following programs have the same UE,
%%acm src not init%%

+G_AC_LOCN+ pl: =earth locn=; O I+alc locn computed+!
+G_AC ALT+ pl: =AT.distance=; O I+alc alt ad+!

+G_AC _VSPD_AIRSPD+ pl: =AT.speed=; O 1+v spd fm airspd+!
+G_AC VSPD ALT+ pl: =AT.speed=; O I+v spd fm alt+!
+G_AC VSPD GNDSPD+  pl: =AT.speed=; O +v spd fm gndspd+!

+G_AC HVEL_AIRSPD+ pl: =AT.angrate vec=; O !+horiz veloc fm airspd+!
+G_AC HVEL_GNDSPD_1+ pl: =AT.angrate vec=; O !+horiz veloc fm gndspd 1+!
+G_AC _HVEL_GNDSPD_2+ pl: =AT.angrate vec=; O !+horiz veloc fm gndspd 2+!
+G_AC HVEL_INCR+ pl: =AT.angrate vec=; O !+horiz veloc incr+!

+G_AC HVEL_LEVER+ pl: =AT.angrate vec=; O !+horiz veloc fm lever+!

+G_AC PITCH_RATE+ pl: =AT.angrate=; O I+pitch rate+!
+G_AC_ROLL_RATE+ pl: =AT.angrate=; O I+roll ratet!
+G_AC _HDG RATE+ pl: =AT.angrate=; O I+hdg ratet+!
+G_AC_NORMAL_ACCEL+ pl:=AT.accel=; O +normal accel+!

PM.ACM



+G_AC_GNDTRK_ANG+  pl: =AT.angle=; O

+G_AC DRIFT_ANG+ pl: =AT.angle=; O

+G_AC_AIR_VEL+ pl: =AT.velocity=; O
+G_AC_SPD_PU+ pl: =AT.speed=; O

+G_AC_V_DISP PU+ pl: =AT.distance=; O
+G_AC H _DISP PU+ pl: =AT.distance=; O
+G_AC_PTH_APPRCH+ pl: =AT.distance=; O
+G_AC_V_DISP+ pl: =AT.distance=; O
+G_AC_H_DISP+ pl: =AT.distance=; O
+G_AC_RHOX+ pl: =AT.angrate=; O
+G_AC_RHOY+ pl: =AT.angrate=; O
+G_AC_RHOZ+ pl: =AT.angrate=; O

2.2. ACCESSPROGRAM TABLES, INPUT

2.21. AICINPUT, SOURCE SETTING

PM.ACM

I+gnd trk angle+!

I+drift angle+!

I+alc airmass veloc+!

I+alc speed indic accel+!
I+alc vert disp indic accel +!
I+alc horiz disp indic accel +!
I+alc path approach+!

I+alc vert disp const vel+!
I+alc horiz disp const vel+!
I+alc rate East+!

I+alc rate North+!

I+alc rate Up+!

Each "#" of the input programs isreplaced by an integer. Each +S ... SRC+ program and ++S ... INIT++
program affect the !'acm input!! with the same integer replacement: the set of legal !'acm input!!'s defines the set
of integers allowed in each program name. An "*" is used when referring to access name substrings of any of the
following list: "AC_LOCN","AC ALT","AC H VEL","AC V_VEL","AC T _HDG","AC PITCH",
"AC_SPEED","AC _ROLL","MOM_ARM", "RATIO", "AC_FPA","AC_AOA", "AC_AIRSPD",
"AC_GNDSPD","AC DRIFT","B_TO_P',"DISP", or "FLT_TIME".

Program Parameters Description Undesired events
%%acm already init%%
++S * # INIT++ pl: =name=; | Ilsrc acm!!
p2: =boolean=; | ITacm runtime change!!
%%acm src not init%%
%%acm chg method%%
%%itm in acmslist%%
+S * # SRC+ pl: =name=; | src acm!!
%%acm already init%%
%%err acmglist%%
++SAME_*++ pl: =name=; | !src acm!!
p2: =acmdlist=; |
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%%acmsdlist not init%%
%%err acmslist%%
+S *_ACM_SL_SRC+ pl: =name=; |
p2: =acmdlist=; |

Ilsrc acm!!

Parameters
The input parameters of type "name"' may be the name of aliteral, constant, variable, or DB.dbitem. The typeclass
of the entity or DB.dbitem, and a more complete description of the parameter pl are given by the following
tables.

Programs Typeclass of p1 P1 description

++S * # INIT++,

+S * # SRC+

++SAME_*++, and

+S * ACM_SL SRC+where

"*" isreplace by -

"AC_LOCN" earth_locn Isrc acm!! of alc locn #!!
"AC _ALT" AT .distance llsrc acm!! of a/c alt adl #!!
"AC H VEL" AT.velocity lsrc acml! of Halc hvel #!
"AC_V_VEL" AT.speed src acm!! of !'alc v vel #!!
"AC_T_HDG" AT.angle Ilsrc acm!! of la/c t hdg #!!
"AC PITCH" AT.angle Ilsrc acm!! of !alc pitch #!!
"AC_SPEED" AT.angle Ilsrc acm!! of !lalc speed #!!
"AC_ROLL" AT.angle src acm!! of !alc roll #!!
"B_TO P AT.orientation Isrc acm!! of !!'body to platform #!!
"MOM_ARM" AT.displacement  !!src acm!! of !Imoment arm #!!
"RATIO" real Isrc acm!! of !Hratio #!!
"AC_FPA" AT.angle src acml! of Nalc fpa #!!
"AC_AOA" AT.angle Ilsrc acm!! of !la/c aoa #!!
"AC_AIRSPD" AT.speed Ilsrc acm!! of alc airspd #!!
"AC_GNDSPD" AT.speed Ilsrc acm!! of !la/c gnd spd #!!
"AC_DRIFT" AT.angle Isrc acm!! of !la/c drift a#!!
"DISP" AT.displacement  !'src acm!! of !!displacement #!!
"DIsT" AT .distance lsrc acm!! of !dist #!!
"FLT_TIME" timeint lsrc acm!! of Nalc flt time #!!

++S ..._# INIT++

+S_*__#__S_RC+ The set of legal replacements for "#" is the same as that set forth in the definition
of terms as given in the table below:
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++S ... # INIT++

+S ... # SRC+

++SAME ... ++

+S .._ACM_SL_SRC+

Programs Term with the same "#" subset
"AC_LOCN" alc locn #!!
"AC_ALT" alc alt asl #!!
"AC_H_VEL" alc hvel #!!
"AC_V_VEL" Nalcv vel #!!
"AC_T_HDG" Nalc t hdg #!!
"AC_PITCH" Ialc pitch #!!
"AC_SPEED" INalc speed #!!
"AC_ROLL" alc roll #!!
"B_TO P Ibody to platform #!!
"MOM_ARM" 'moment arm #!!
"RATIO" Hratio #!!
"AC_FPA" Nalc fpa#!!
"AC_AOA" alc aoa #!!
"AC_AIRSPD" Nalc airspd #!!
"AC_GNDSPD" alc gnd spd #!!
"AC_DRIFT" Nalc drift a#!!
"DISP" Idisplacement #!!
"DIST" Idist #1!
"FLT_TIME" Nalc flt time#!
Effects

PM.ACM

++S_..._# INIT++ disables %%acm src not init%% for the !lacm input!!

corrépondi ng to the program name.

If the !lacm runtime change!! is false, %%acm chg method%% is enabled.
Vdues for the !lacm input!! are taken from pl until an invocation of
+S ... # SRC+if llacm runtime change!! is true, otherwise throughout the life of
the program. %%acm aready init%% is enabled for the I'acm input!!.

Until another invocation of this program the module will use p1 asthe !!src acm!!
for the lacm input!!.

This program declares that the sources of information for the !'acm input!!
members of the =acmdist= are aways the same entity. Until
+S ... ACM_SL_SRC+ isinvoked with p2, the source of information for all the
members of p2 is pl. The !'acm runtime change!! state of each member of the
sourcelist is true. %%itm in acmdlist%% is enabled for each !lacm input!! in p2.
%%acmglist not init%% is disabled for p2.

Until another invocation of this program with the same p2 the module will use p1
to obtain an updated value for each !lacm input!! of p2.

2.3. VALUE SETTING PROGRAMS

Program

Parameters Description Undesired events

+RESET_MODEL_H_V+

+RESET_MODEL_H_V+

Effects

The model computing !+horiz veloc incr+! isreset.
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3. Local type definitions

=acmdlist= Simple enumerated: alist (enclosed in parentheses, whitespace separator) of a set
of !lacm input!! names that are members of the same term class in
PM.ACM.4.2.1.

4. Dictionary

4.1. Dictionary of !+term+!s

All velocities are with respect to the earth unless otherwise stated. Angles are defined by use of atemplate
listing the directions of two vectors and the sense of the angle measurement.

I+alc airmass veloc+! The velocity of the aircraft with respect to the airmass. The aircraft airspeed,
angle of attack, and airframe system to IMS system orientation difference are
Ilalc airspd 3!!, alc apa 3!! and !'body to platform 1!!

I+a/c dt adl+! The alc !ldtitude asl!!. Previous !!altitude ad!! was!lalc alt ad 1!!, with vertica
velocity equal to !'alc v vel 111,

I+alc horiz disp const vel+! The !1alc horiz disp!! of the a/c during a flight segment in which a horizontal
speed of !a/c gnd spd 5!! is maintained for !a/c flt time 2!1.

I+alc horiz disp indic accel+! The !'a/c horiz disp!! of the a/c during a flight segment beginning with the a/c
speed of !lalc speed 6!! and with an !!a/c pitch!! of !'a/c pitch 12!, maintaining
#max indic normal accel# during the flight segment and ending when the !'a/c
pitch!! equals !!a/c pitch 10!! and the a/c speed is !!a/c speed 4!1.

I+alc locn computed+! The current location of the a/c. The previous location of the a/c was !'a/c locn 1!1,
and !a/c hvel 1!! has been the a/c horizontal velocity.

I+alc path approach+! The closest distance from aflight path segment to a calculated position (pl) . The
flight path segment begins with the aircraft speed of !'a/c speed 7!!, aircraft
ground speed of !la/lc gnd spd 3!! and #max indic normal accel# is maintained
during the segment. The closest approach occurs before the !!alc pitch!! is 90
degrees.

The position pl is described by

(1) The distance along the alc velocity vector from the alc to a reference position
p2 (on the ground) of !displacement 1!!. The order of axes used in !!displace-
ment 1!! isassumed to be distances positive in the East, North, and up directions.
(2) The !alc horiz disp!! from the p2 to pl of !!displacement 2!! along the alc
ground track, and

(3) The !'p local vert!! displacement from p2 to pl of !displacement 3!! (positive
if p2isbelow pl).

I+a/c rate East+!

I+alc rate North+!

I+alc rate Up+! The aircraft rate, also known as the !!transport rate!! of the aircraft. The sources
used in these calculations are as follows:
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I+alc speed indic accel+!

I+alc vert disp const vel+!

I+alc vert disp indic accel+!

I+drift angle+!

I+gnd trk angle+!

I+hdg rate+!

I+horiz veloc fm airspd+!

I+horiz veloc fm gndspd 1+!

I+horiz veloc fm gndspd 2+!

I+horiz veloc fm lever+!

PM.ACM

A/C Horizontal Velocity lalc hvel 9!
I+PM.hrc+! at A/C location dist 11!

A/C Height above SealLevel !la/cat ad 5!!
Earth Ellipticity ratio 1!!
Location of A/C alc locn 3!

The alc speed after a flight segment beginning with the aircraft speed of !lalc
speed 5!! and with an !alc pitch!! of !la/c pitch 11!!, maintaining #max indic nor-
mal accel# during the flight segment and ending when the !la/c pitch!! equals
Ialc pitch 1411,

The vertical displacement of the a/c during a flight segment in which a vertica
speed of !a/c v vel 7! ismaintained for !a/c flt time 1!11.

The vertical displacement of the a/c during a flight segment beginning with the

alc speed of !alc speed 2!! and with an !'a/c pitch!! of !lalc pitch 13!! maintain-
ing #max indic normal accel# during the flight segment and ending when the !lalc
pitch!! equals !'a/c pitch 9!l and the a/c speed is!!alc speed 1!!. A displacement
inthealc !!p local vert!! (down) direction is negative.

The difference between the !ltrue heading!! of the Ya axis and the !'true head-
ing!! of the a/c velocity vector.

Vectorl The projection of the Ya axis onto a/c
p local horiz!!

Vector2 The projection of the alc velocity
vector A onto a/c !!p local horiz!!

Signof angle  Positive clockwise (looking down)

from Vectorl to Vector2

The a/c horizontal velocity is !'alc h vel 41!, and the true heading is !!a/c t hdg
411,

The !!true heading!! of the aircraft velocity vector. The horizontal velocity of the
alcis!lalc hvel 3!,

The rate at which 'a/c t hdg 2!! is changing. Thisis positiveif la/c t hdg 2!! is
increasing, negative if decreasing.

The current velocity vector of the alc projected into the a/c !!p local horiz!! plane.
The present a/c state includes !'a/c t hdg 7!!, 'alc roll 6!, la/c pitch 15!!, lalc
airspd 2!! and !lalc aoa 1!!.

The current velocity vector of the alc projected into the a/c !!p local horiz!! plane.
The previous a/c horizontal velocity is !'a/c h vel 7!1, and the present alc state
includes!alc gnd spd 2!!.

The current velocity vector of the alc projected into the a/c !!p local horiz!! plane.
The present alc state includes !'alc t hdg 6!!, !la/c gnd spd 4!! and !la/c drift a
1.

The current velocity vector of the alc projected into the a/c !!'p local horiz!! plane.
The previous a/c horizontal velocity is !'a/c h vel 2!1, and the present alc state
includes !alc v vel 3!, !'moment arm 1!!, !la/c t hdg 1!!, !lalc roll 1!! and !lalc
pitch 1!!.
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I+horiz veloc incr+!

I+normal accel+!

I+pitch ratet!

I+roll ratet+!

I+v spd fm airspd+!

I+v spd fm alt+!

I+v spd fm gndspd+!

4.2. Dictionary of !lterml!!s

PM.ACM

The current velocity vector of the a/c projected into the a/c !!'p local horiz!! plane.
The !lalc h vel 8!! is the source of the horizontal velocity used when reset, incre-
mented or decremented by the value of !!a/c hvel incr 11!,

The acceleration of the a/c along the aircraft Za axis; positive in the Za positive
direction. The aircraft state is described by !'a/c speed 3!!, 'a/c pitch 3!!, lalc
roll 3!l and !'a/c t hdg 3!!.

The rate at which !lalc pitch 2!! is changing. Thisis positive if Ia/c pitch 2!! is
increasing, negative if decreasing.

The rate at which !'alc roll 2!! is changing. This is positive if !la/c roll 2!! is
increasing, negative if decreasing.

The current speed of the a/c inthe !!p local vert!! axis. The aircraft state for this
model includes !!a/c airspd 1!! and !a/c fpa 1!!.

The current speed of the alc inthe !!p local vert!! axis. The aircraft state for this
model includes !'a/c v vel 2!! and lalc dt asl 2!!.

The current speed of the a/c inthe !!p local vert!! axis. The aircraft state for this
model includes !'a/c gnd spd 1!! !a/c fpa 2!!.

Some terms not defined here are defined in the PM.ECM. They include !'altitude asl!!, !'p local horiz!!, ''p
local North!! and !!p local vert!!.

4.2.1. Dictionary of !lacm input!! !lterml!!s

Ilacm input!!

Input data to this module that may be used by one or more of its models. This

may be any other !term!! defined in this section.

The following series of terms are !'acm input!!s formed by replacement of a"#" by an integer. Each defined
term with a "#" in the name forms a collection of terms called a term class. Individua terms are named by the
replacement of the "#" in aterm class by one of the integers listed with the term class definition.
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Term class Set of numbers that may  Definition

textually replace "#" in lega
term!!s

a/c airspd #!! 1.3 The speed of the a/c with respect
to the local airmass (always non-
negative)

Nalc dt asl #!! 1.5 alc !latitude adl!!

Nalc aca#!! 1.3 1+DI.AOA+!

alc drift a#!! 1 1+drift angle+!

Ia/c flt time #!! 1.2 Duration of an a/c flight segment

Ia/c fpa #!! 1.2 1+SS.flight path angle+!

Ila/c gnd spd #!! 1.5 The horizontal component of the
alc velocity (always nonnega
tive)

alc hvel #! 1.9 The current velocity vector of
the alc projected into the alc !'p
local horiz!! plane.

Ialc hvel incr #!! 1 An incremental value of the a/c
horizontal velocity vector.

Ialc locn #11 1.3 alc location

Ialc pitch #!! 1.15 alc pitch!!

alc roll #!! 1.6 alcroll!!

Ialc speed #!! 1.7 The speed of the alc (dways
nonnegative)

alc t hdg #!! 1.7 The !ltrue heading!! of the Ya
axis

Nalcv vel #!! 1.7 The current speed of the a/c in
the!!p local vert!! axis.

I'body to platform #! 1 The transformation from
DI.Airframe system to DI.IMS
system

Idisplacement #!! 1.4 A =AT.displacement=

dist #! 1 An =AT.distance=

I'moment arm #!! 1 The location of the a/c center of
mass with respect to a device
detecting a/c motion.

ratio #!! 1 A real

4.2.2. Dictionary of non-!acm input!! llterm!!s

ITacm runtime change!!

Ialc horiz disp!!

Ialc pitch!!

The source of this !'acm input!! may (will not) be changed during runtime if this
state istrue (false).

A displacement from one position to another in the direction of the projection of
the alc velocity vector on the alc !'p local horiz!! plane. The displacement is
positive from the first position in the direction of the projection of the velocity
vector. The order of axes of the displacement are positive East, positive North,
and positive Up directions.

The pitch of the aircraft.
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Ialc roll!!

llsrc acm!!

Itransport rate!!

Itrue heading!!

5. Undesired event dictionary

PM.ACM

Vectorl Yaaxis
Vector2 The projection of the Ya axis onto a/c
p local horiz!!

Signof angle  positive when Yais above the alc !!p
local horiz!!, otherwise negative.

The aircraft roll.

Vectorl Xaaxis

Vector2 The direction defined by the product
of Yacross!!p local vert!! (up).

Signof angle  Positive when Xais below alc !!p lo-
cal horiz!!, otherwise negative

The variable, constant, literal, or =DB.dbitem= that is to be used by PM.ACM as
the source for an !'acm input!!. When this module needs a value of the !lacm
input!! it will use the value of this entity.

The velocity of an object over the surface of the earth, expressed as rotational
changes in the East, North and Up axes, that would keep a coordinate frame
aligned in the same orientation with respect to vertical and North. The rotation of
the Earth is not a part of these terms.

The angle formed by the projection of avector (A) and North.
Vectorl !!p local North!!

Vector2 The projection of a vector A onto a/c
I'p local horiz!!
Sign of angle Positive clockwise (looking down)

from Vectorl to Vector2

5.1. Undesired event dictionary (system generation time)

%%acm already init%%

%%acm chg method%%
%% acm src not init%%
%%acmslist not init%%

%%err acmslist%%

%%itm in acmdist%%

An initial source and !"acm runtime change!! have aready been specified for
Ifacm input!!.

The !"acm runtime change!! for thisinput has been set false.
At least one source of input for this access program has not been initialized.
++SAME_...++ has not been invoked with =acmsdlist= p2.

The members of the =acmdlist= are !acm input!! of aterm class that is different
from the term class listed in the definition of pl.

The !"acm input!! has been declared, via ++SAME_...++ to be a member of a
sourcelist of acm input!! that may not be reset separately.
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5.2. Undesired event dictionary (runtime): None

6. System generation parameters

#max indic normal accel# The maximum of indicated acceleration. Indicated acceleration is the sum of the
Zacomponent of !+gravity plus+! and !+normal accel+!.
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CHAPTER 2

PM.ECM: EARTH CHARACTERISTICSMODULE

1. Introduction

The Earth Characteristics Module (ECM) hides models of physical earth characteristics (gravity, rotation,
coriolis forces and magnetic variation), atmospheric characteristics (pressure and density) and earth geometry
(latitude, longitude, distances and the direction of North, East and vertica for different positions). These pro-
grams provide information that is not measured directly by sensors on the aircraft.

Most physical characteristics of the earth and its atmosphere are position dependent. "L ocation” refersto a
two-dimensional specification corresponding to =latitude= and =longitude=.

2. Interface overview

2.1. Model Value Access Program Table

2.1.1. Position specification

Program Parameters Description Undesired events

The following programs have the same set of UE's,

+G_ALT_BARO+ pl:
+G_ALT_SR+ pl:
+G_E DIST+ pl:

+G_LOCN_BRG_GR+  pl:

+G_LOCN_DIST+ pl:
+G_LOCN_ELEV+ pl:
+G_LOCN_SR+ pl:

+G_LOCN_ORIENT+  pl:

+G_LOCN_ANGRATE+ pl:

+G_N_DIST+ pl:
+G_ORIENT+ pl:
+G_SLT _RNG_L2+ pl:
+G_ALT_DIFF+ pl:

%%src not init%%
=AT.distance=; O !+baro alt+!

=AT.distance=; O !+altitude sr+!

=AT.distance=; O !+E dist+! from !!location 2!! to !!location 3!!
=earth_locn=; O I+location brg+!

=earth_locn=; O I+location dist+!

=earth locn=; O I+location elev+!

=earth_locn=; O I+|ocation sr+!

=earth_locn=; O I+location or+!

=earth_locn=; O I+location ang+!

=AT.distance=; O !+N dist+! from !!location 13!! to !!location 14!!

=AT.orientation=; O
I+orient diff+! from !!location 15!! to !!location 16!!

=AT.distance=; O !+dlt rng alt+!

=AT.distance=; O !+alt diff sr+!
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+G_GR_SR+

+G_SLT_RNG_GR+

pl:

pl:

=AT.distance=; O

=AT.distance=; O

PM.ECM

I+ground range sr+!

I+dlt rng gr+!

The following programs have the same set of UE's,

%dir undef%
%%src not init%%

+G_BRG_GR+ pl: =AT.angle=; O I+t bearing+!, and
p2: =AT.distance=; O !+ground range+! from !!location 4!! to !!location 5!!
+G_ELEV_ANG _ALT+ pl:=AT.angle=; O I+elev ang alt+!
2.1.2. Earth Atmospheric Values
Program Parameters Description Undesired events
The following programs have the same set of UE's,
%%osrc not init%%
+G_AIR_DENS+ pl: =AT.density=; O  !+air density+!
+G_AIR_PRESS+ pl: =AT.pressure=; O !+air pressure+!
+G_DENS RATIO+ pl: =red=; O I+dens ratio+!
+G_SOUND_SPD+ pl: =AT.speed=; O I+sound speed+! at a surface whose !'altitude ad!! is equal to
Idistance 20!!
+G_WIND_VELOC+ pl: =AT.velocity=; O !+wind velocity+!

2.1.3. Other Earth Position Characteristics

Program

Parameters

Description Undesired events

The following programs have the same set of UE's,

+G_CORIOL_E+
+G_CORIOL_N+
+G_CORIOL_V+
+G_GRAV+
+G_HRC+
+G_HRC_E+
+G_HRC_N+

+G_MAG_VAR+

pl:
pl:
pl:
pl:
pl:
pl:
pl:

pl:

=AT.accel=; O
=AT.accel=; O
=AT.accel=; O
=AT.accel=; O
+AT.distance=; O
=AT.distance=; O
=AT.distance=; O

=AT.angle=; O

%%osrc not init%%
I+coriolis E+!

I+coriolis N+!

I+coriolis V+!

I+gravity plus+! at !!location 28!! and altitude !!distance 22!!
I+hrc+!

I+hrc East+!

I+hrc North+!

I+magnetic var+! at !!location 24!!
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+G_VERT_AX_D+ pl: =AT.distance=; O !+vert ax dist+! at !!latitude 2!!

The following programs have the no UE’s,
+G_ROT+ pl: =AT.angrate=; O  l+erotation+!
+G_EQUAT_RAD+ pl: =AT.distance=; O !+equator rad+!

+G_ELLIPTICITY+ pL: =red=; O I+ellipticity+!

2.2. Input Programs

Each "#" of the input programs isreplaced by an integer. Each +S ... SRC+ program and +S ... INIT+
program affect the "!!ecm input!!" with the same integer replacement: the set of legal "!!'ecm input!!s defines the
set of integers allowed in the program names. An "*" is used when referring to access name substrings of any of
thefollowing list: "ANGLE", "ANGRATE", "DIST", "LAT", "LOCN", "LONG", "ORIENT", "POSN",
"PRESS', "TIME", or "VELOC".

Program Parameters Description Undesired events

%%al ready init%%

++S * # INIT++ pl: =name=; | Isrc ecml!
p2: =boolean=; | Iruntime change!!
%%src not init%%
%%chg method%%
%%itm in ecmlist%%
+S * # SRC+ pl: =name=; | Ilsrc ecm!!
%%already init%%
%%incons ecmlist%%
++SAME_*++ pl: =name=; | Isrc ecml!
p2: =ecmlist=; |
%%incons ecmlist%%
%%ecmlist not init%%
+S * SLIST_SRC+ pl: =name=; | Ilsrc ecm!!
p2: =ecmlist=; |
Parameters

The input parameters of type "name" may be the name of aliteral, constant, variable, or DB.dbitem. The typeclass
of the entity or DB.dbitem, and a more complete description of the parameter pl are given by the following
tables.
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Programs Typeclassof pl P11 description

++S * # INIT++,

+S *_# SRC++,

++SAME_* ++, and

+S * SLIST_SRC+ where

"*" jsreplace by -

"ANGLE" AT.angle Ilsrc ecm!! of angle #!
"ANGRATE" angrate Ilsrc ecm!! of langrate #!!
"DIST" AT .distance src ecm!! of !ldistance #!!
"LAT" latitude lsrc ecm!! of !latitude #!!
"LOCN" earth locn src ecm!! of !location #!!
"LONG" longitude src ecm!! of !longitude #!!
"ORIENT" AT .orientation Ilsrc ecm!! of !lorientation #!!
"PRESS' AT .pressure lsrc ecm!! of !lpressure #!!
"TIME" timeint src ecm!! of !timeint #!!
"VELOC AT.velocity lsrc ecm!! of !velocity #!!

++S *_# INIT++

+S * # SRC+

++S ..._# INIT++

+S .._# SRC+

++SAME_...++

The set of legal replacements for "#" is the same as that set forth in the definition of
terms as given in the table below:

Programs Term with the same "#" subset
++S * # INIT++and
+S * # SRC++ where
"*" jsreplace by -
"ANGLE" Hangle #!!
"ANGRATE" angrate #!!
"DIST" Idistance #!!
"LAT" Hlatitude #!!
"LOCN" Ilocation #!!
"LONG" Ilongitude #!!
"ORIENT" Horientation #!!
"PRESS" Ipressure #!!
"“TIME" Htimeint #!!
"VELOC Hvelocity #!!
Effects

++S ... # INIT++ disables %%src not init%% for the !'ecm input!! corresponding to
the program name. ( The name of the !'ecm input!! is obtained by substitution of the
string "!!" for "++S " and "_INIT++") If the !'runtime change!! is false, %%chg
method%% is enabled. Values for the !'ecm input!! are taken from pl until an invo-
cation of +S_... # SRC+ if !runtime change!! istrue, otherwise throughout the life of

the program. %%oalready init%% is enabled for the !'ecm input!!.

Until another invocation of this program the module will use pl to obtain an updated
value for the lecm input!!.

This program declares that the sources of information for the !!ecm input!! members
of the =ecmlist= are aways the same entity. Until +S_..._SLIST_SRC+ is invoked
with p2, the source of information is pl. The !runtime change!! state of each member
of the =ecmlist= is true. %%itm in ecmlist%% is enabled for each !lecm input!! in
p2. %%already init%% is enabled for all members of p2. %%ecmlist not init%% is
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disabled for p2.

+S ... SLIST SRC+ Until another invocation of this program the module will use pl to obtain an updated
value for each !'ecm input!! of p2.

3. Local type definitions

=earth locn= A two dimensional array of AT.angles. The first dimension corresponds to
SS.latitude, the second to SS.longitude.

=ecmlist= Simple enumerated: a list (enclosed in parentheses, whitespace separator) of a set of
Ilecm input!! names of the same type.

4. Dictionary

Angles are defined by use of a template listing the directions of two vectors and the sense of the angle
measurement.

4.1. lecm input!!

Ilangle #!! Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=AT.angle=. Valid replacements for "#" are listed in the table below, along with the
value programs that may use the !'ecm input!!.

ecminput!!  Value program
langle 1!! +G_LOCN_BRG_GR+
langle 2!! +G_LOCN_ELEV_SRC+
Ilangle 3!! +G_LOCN_ELEV_SRC+
Ilangle 4!! +G_LOCN_SR+
Ilangle 5!! +G_ALT_DIFF+
Ilangrate #1! Each term formed by replacement of "#" by an integer names an !'ecm input!! of type

=AT.angrate=. Valid replacements for "#" are listed in the table below, along with the
value programs that may use the !'ecm input!!.

lecminput!!  Value program

angrate 1!! +G_LOCN_ANGRATE+
Hangrate 2!! +G_LOCN_ANGRATE+
langrate 3!! +G_LOCN_ANGRATE+
Hangrate 4!! +G_CORIOL_E/N/V+
Ilangrate 5!! +G_CORIOL_E/N/V+
Ilangrate 6!! +G_CORIOL_E/N/V+

Idistance #!! Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=AT.distance=. Valid replacements for "#" are listed in the table below, along with
the value programs that may use the !lecm input!!.
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Ilecm input!!

Iatitude #!!

Illocation #!!

lecm input!! Value program
lldistance 11! ~ +G_ALT_BARO+
Ildistance 2!! +G_ALT_SR+
Ildistance 3!! +G_LOCN_BRG_GR+
Ildistance 4!! +G_LOCN_DIST+
Ildistance 5!! +G_LOCN_DIST+
Ildistance 6!! +G_LOCN_ELEV+
Idistance 7!! +G_LOCN_SR+
Ildistance 8!! +G_LOCN_SR+
lldistance 10!  +G_SLT RNG L2+
lldistance 11! +G_ALT_DIFF+
lldistance 12!! +G_GR_SR+
ldistance 13!! +G_GR_SR+
Ildistance 14!! +G _SLT RNG_GR+
ldistance 15!! +G_SLT _RNG_GR+
ldistance 16!! +G_ELEV_ANG_ALT+
Ildistance 17!!  +G_AIR_DENS+
lldistance 18!!  +G_AIR_PRESS+
lldistance 19!  +G_DENS RATIO+
Ildistance 20!! +G_SOUND_SPD+
ldistance 21!  +G_ALT_SR+
lldistance 22!! +G_GRAV+
lldistance 23!! +G_HRC_E+
lldistance 24!!  +G_HRC_N+

PM.ECM

Input data to this module that may be used by one of more of its models. This may be
an !langle #!1, Nlangrate #!!, !ldistance #!!, !!latitude #!!, !llocation #!!, I!longitude
#11, Norientation #!!, 1 pressure #!1, Itimeint #!, or !'velocity #!!.

Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=latitude=. Valid replacements for "#" are listed in the table below, along with the
value programs that may use the I'ecm input!!.

lecminput!!  Value program
Natitude2!! +G_VERT_AX D+

Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=earth locn=. Valid replacements for "#" are listed in the table below, along with the
value programs that may use the I'ecm input!!.
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Ilorientation #!!

Ipressure #!!

Itimeint #!!

velocity #!!

lecm input!! Value program
location 1!! +G_ALT_SR+
Ilocation 2!! +G_E_DIST+
Ilocation 3!! +G_E DIST+
location 4!! +G_BRG_GR+
!location 5!! +G_BRG_GR+
!location 7!! +G_LOCN_BRG_GR+
!llocation 8!! +G_LOCN_DIST +
!location 9! +G_LOCN_ELEV+
location 10!!  +G_LOCN_SR+
location 111" +G_LOCN_ORIENT+
Mocation 13! +G_N_DIST+
Mocation 14! +G_N_DIST+
Mocation 15! +G_ORIENT+
location 16!!  +G_ORIENT+

PM.ECM

location 18!! +G _SLT RNG L2+
Mocation 191!  +G_SLT RNG L2+
ocation 21!' +G_HRC+

Mocation 22!  +G_ELEV_ANG_ALT+
ocation 23!! +G_ELEV_ANG_ALT+
Nocation 24!! +G_MAG_VAR+
ocation 25!!  +G_LOCN_ANGRATE+
llocation 26!! +G_CORIOL_E/N/V+
location 27!"  +G_ALT_ SR+
location 28!!  +G_GRAV+

ocation 29! +G_HRC E+

ocation 30!!  +G_HRC N+

Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=AT.orientation=. Valid replacements for "#" are listed in the table below, along with
the value programs that may use the !'ecm input!!.

Ilecm input!! Value program
Horientation 1!'  +G_LOCN_ORIENT+

Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=AT.pressure=. Valid replacements for "#" are listed in the table below, along with
the value programs that may use the !'lecm input!!.

lecminput!!  Value program
Hpressure 1! +G_ALT_BARO+

Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=timeint=. Valid replacements for "#"' are listed in the table below, along with the
value programs that may use the !'ecm input!!.

lecminput!!  Value program
Htimeint 1!! +G_LOCN_ANGRATE+

Each term formed by replacement of "#" by an integer names an !'ecm input!! of type
=AT.velocity=. Valid replacements for "#" are listed in the table below, along with
the value programs that may use the !'ecm input!!.

10-17



PM.ECM

Hecminput!!  Value program

lvelocity 11! +G_CORIOL_E/N/V+
llvelocity 21! +G_WIND_VELOC+
llvelocity 3! +G_WIND_VELOC+

4.2. lterm!!sother than 'ecm input!!

Ialt diffl! The difference in dtitude from one !!position!! (A) to another (B). This may be either
positive, zero or negative (negative when (A) is higher than (B)).
INaltitude ad!! Altitude above sea level.
Ilelev ang!! The angle of elevation from one !!position!! (A) to another (B).
Vectorl The vector from (A) to (B)
Vector2 The projection of Vectorl onto the

!'plocal horiz!! of (A)
Signof angle  Positive if the !lalt diff!! of the
respective !!position!! is positive

'plocal East!!, !'plocal horiz!!, 'p local m North!!, lp local North!!, !!p local vert!!

North, East, Vertical, and Magnetic North vectors and the horizontal plane are defined
for position!! static with respect to the earth. North, East and Vertical form an
orthogonal set of axes; the specific direction is defined with reference to a model of
the shape of the earth (reference 1). The particular model used is a secret of this
module. !!p local vert!! may be approximated by the direction of the gravity vector.
The sense of the vector results in down as positive. !!p local East!! is perpendicular to
the axis of rotation, positive in the direction of rotation. North, East and Magnetic
North are in the horizontal plane. Because of the curvature of the surface of the earth
there is a horizontal surface defined as the locus of !!position!!s with the same !!alti-
tude adl!! for any !!position!!. These may be locally approximated by the horizontal
plane. These!lplocal ...!! terms are the direction of vectors (with the exception of !!p
local horiz!!, which isaplane) unique for al points.

Iposition!! A reference to a point in three-dimensional space characterized by an =earth locn=
and an dtitude.

Iruntime change!! The source of this !'ecm input!! may (will not) be changed during runtime if this state
istrue (false).

Idlt rng!! The nonnegative straight-line =AT.distance= from one !!position!! (A) to another (B).
The sign of the value is the same as the !alt diff!! of the two !!position!!s, respec-
tively.

Isrc ecm!! The variable, constant, literal, or =DB.dbitem= that is to be used by this module as the

source for a !lecm input!!. When this module needs a value of the !lecm input!! it
will use the value of this entity.

4.3. '+term+!s

I+air density+! Theair density at a!!position!! with Ilaltitude adl!! equal to !!distance 17!!.
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I+air pressuret!

I+alt diff sr+!

I+atitude sr+!

I+baro alt+!

I+coriolis E+!
I+coriolis N+!
I+coriolis V+!

I+densratio+!

I+E dist+!

I+e rotation+!

I+elev ang alt+!

I+ellipticity+!
I+equator rad+!

I+gravity plust!

I+ground range+!

I+ground range sr+!

I+hrc+!

I+hrc East+!

I+hrc North+!

PM.ECM

The air pressure at a!!position!! with altitude ad!! equal to !!distance 18!!.

The !dt diff!! from two !!position!!s (A) and (B) defined such that !!distance 11!! is
the!ldlit rng!! from (A) to (B) and !'angle 5!! isthe lelev ang!! from (A) to (B).

Naltitude ad!! of a point (A) such that !!location 1!! isthe location of (A); and !!dis-
tance 2!! isthe !!dlt rng!! from (A) to a point with location !!location 27!! and altitude
Ildistance 21!!.

Barometric !!altitude adl!! of a surface such that !!pressure 1!! is the sea level atmos-
pheric pressure !!distance 1!! is barometric altitude computed with the assumption that
the sealevel pressure is#std slp#.

The acceleration of an object at !!location 26!! with velocity 1!l velocity with
respect to the earth due to the coriolis force of the earth reference frame. !'angrate
411, Nangrate 5!! and !'angrate 6!! are assumed to be the !!transport rate!! of the
object in the East, North, and vertical axes. The !+coriolis*+! terms are accelerations
with respect to the earth. Accelerations and velocities are expressed in the !!p local
East!!, !'p local North!!, !'p local vert!! reference frame.

The ratio of the air density at an !!altitude asl!! of !!distance 19!! to #std sl dens#.

The length of the projection of the vector from one !!position!! (A) to another (B)
onto the !'p local East!! vector of (A). !'+E dist+! isnegativeif (B) isWest of (A).

Theinertial angular rate of the earth’s rotation around its axis.

The !lelev ang!! from one !!position!! (A) at !!location 22!! to another (B) at !!loca-
tion 23!! such that !!distance 16!! isthe 'alt diff!! from (A) to (B).

The dlipticity of an ellipsoid of revolution that approximates the shape of the earth.
The radius of the earth at the equator.

The acceleration due to gravity and rotation of the earth of an object. Thisis negative
inthe!!p local vert!! direction and is acceleration with respect to the earth.

The nonnegative =AT .distance= at sea level from one !!position!! to another. If this
is an arc length of more than #2D range limit# the arc length between the !!position!!
isused. For a =AT.distance= less than #2D range limit# the lengths defined by arc
lengths or straight line =AT.distance= are nearly similar and it is a secret of this
module which model is used. If the ground range is greater than #gr limit# then #gr
limit# will be returned.

The !+ground range+! from two !!position!!s (A) and (B) such that !!distance 12!! is
the!ldlt rng!! from (A) to (B) and !!distance 13!! isthe !'alt diff!! from (A) to (B).

The radius of curvature of the horizontal surface of the earth at sealevel.

The radius of curvature of the horizontal surface through !!location 29!! and altitude
Idistance 23!! in the plane formed by !'p local East!! and !!p local vert!!.

The radius of curvature of the horizontal surface through !!location 30!! and atitude
Idistance 24!! inthe plane formed by !!p local North!! and !!p local vert!!.
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I+location ang+!

I+location brg+!

I+location dist+!

I+|location eev+!

I+|ocation or+!

I+|location sr+!

I+magnetic var+!

I+N dist+!

I+orient diff+!

I+dt rng at+!

I+dlt rng gr+!

I+sound speed+!

I+t bearing+!

PM.ECM

The =earth_locn= (A) such that !'angrate 1!!, langrate 2!!, and !langrate 3!! applied
over !ltimeint 1!! are the !+orient diff+! from !!location 25!! to (A). !'angrate 1!! is
the rotation applied to the first axis, !'angrate 2!! to the second, and !'angrate 3!! to
the third. If +G_LOCN_ANGRATE+ is not invoked with period !!timeint 1!! the
value of !+location ang+! may not be as defined.

The =earth_locn= (A) such that !'angle 1!! is the !+t bearing+! from (A) to !!location
711 and !distance 3!! isthe !+ground ranget+! from (A) to !!location 7!!.

The =earth_locn= (A) such that !!distance 4!! isthe !+N dist+! from !!location 8!! to
(A) and !distance 5!! isthe !+E dist+! from !!location 8!! to (A).

The =earth_locn= of a point (A) such that Another point (B) is defined at !!location
oll; ldistance 6!! is the !alt diff!! from (A) to (B); !langle 2!! is the I+t bearing+!
from (A) to !'location 9!!; angle 3!! isthe!lelev ang!! from (A) to (B).

The =earth_locn= (A) such that lorientation 1!! is the !+orient diff+! from !!location
11! to (A).

The =earth_locn= of a point (A) such that Ancther point (B) is defined at !!location
10!!; Ndistance 7!! isthe !lalt diff!! from (A) to (B); !langle 4!! is the I+t bearing+!
from (A) to !'location 10!!; !!distance 8!! isthe !ldlt rng!! from (A) to (B).

The magnetic variation of alocation (A):

Vectorl !'plocal North!! of (A)

Vector2 !'plocal m North!! of (A)

Signof angle  Positive clockwise (looking down)
from Vectorl to Vector2

The length of the projection of the vector from one !!position!! (A) to another (B)
onto the !'p local North!! vector of (A). !+N dist+! isnegativeif (B) is South of (A).

The rotational difference of the coordinate systems associated with the second loca
tion (!!'p local East!!, !!p local North!! and !'p local vert!! are the coordinate axes) in
terms of the coordinate system of the first.

The 'dlt rng!! from a point (A) at !!location 18!! to a point (B) at !!'location 19!! such
that !distance 10!! isthe I'alt diff!! from (A) to (B).

The !'dt rng!! from two !!position!!s (A) and (B) defined such that !!distance 14!! is
the !+ground range+! from (A) to (B) and !ldistance 15!! is the !lalt diff!! from (A)
to (B).

The speed of sound at an !altitude adl!! of !!distance 20!!

The true bearing from one location (A) to another (B).

Vectorl !'plocal North!! at (A)

Vector2 The projection of the vector from (A)
to (B) onto the !!p local horiz!! plane
of (A).

Signof angle  Positive clockwise (looking down)
from Vectorl to Vector2

0 ° < I+t bearing+! < 360 °.
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I+vert ax dist+! Distance from a !!position!! (A) to the intersection of the plane perpendicular to the
I'p local North!! of (A) containing (A) with the earth axis of rotation.

I+wind velocity+! The velocity of the airmass with respect to the earth of a sensor that has !!velocity 2!!
with respect to the earth and !!velocity 3!! with respect to the airmass. !+wind velo-
city+!, lvelocity 2!! and !!velocity 3!! areinthe!!p local East!!, !!p loca North!!, !!p
local vert!! reference frame.

5. Undesired event dictionary

%%already init%% An initial source and !'runtime change!! have aready been specified for a !'ecm
input!!. This!'ecm input!! may be amember of a=ecmlist=.

%%chg method%:% The !"runtime change!! for thisinput has been set false.

%dir undef% The user has referenced a direction from one =earth _locn= to itself.

%%incons ecmlist%% The members of the =ecmlist= are !'ecm input!! of atypethat is different from pl.

%%itm in ecmlist%% The !"ecm input!! has been declared, via ++SAME_...++ to be a member of a
=ecmlist= of !'ecm input!! that may not be reset separately.

%%ecmlist not init%%  ++SAME ...++ has not been invoked with =ecmlist= p2.

%%src not init%% At least one source of input for this access program has not been initialized.

6. System generation parameters

#2D range limit# Type: distance. Min-Max: 22.7 nmi - 36 nmi. The maximum !+ground range+! that
should be derived using atwo dimensional model of the earth.

#or limit# Type: distance. Min-Max: 3500 nmi - 3800 nmi.
#max wind magnitude#  Type: speed. Min-Max: 128 fps- 512 fps. The maximum magnitude of the wind.
#std ol dens# Air density at sealevel in a standard atmosphere.

#std slp# Air pressure at mean day sealevel in astandard atmosphere.
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CHAPTER 3

PM.HFM: HUMAN FACTORSMODULE

1. Introduction

This submodule contains models of those human (pilot) factors that must be considered when determining
the behavior of the software. It includes models of how a human perceives continuous motion from discrete
steps, and how long a human takes to react to a stimulus.

2. Interface overview

2.1. ACCESSPROGRAM TABLE

Program Parameters Description Undesired events

+G_PILOT_REACT _TIME+

pl: =timeint=; O I+pilot react time+!
None
+G_UPDATE_FREQ+
pl: =timeint=; O I+symbol update period+!
None

3. Local type definitions None

4. Dictionary

I+pilot react time+!
The minimum amount of time required for a pilot to react to a stimulus, plus a safety margin,
assuming that the pilot notices the stimulus immediately.

I+symbol update period+!

The maximum time interval between updates on a display in order to achieve the illusion of con-
tinuous mation.

5. Undesired event dictionary None

6. System generation parameters

#symbol update period#
System generation time value of !+symbol update period+!.
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1. Introduction

CHAPTER 4

PM.TBM: TARGET BEHAVIOR MODULE

This submodule contains models for tracking of target movement relative to the aircraft. Future target posi-
tions are extrapolated from previous reports of target position and any reports of target heading and speed. Air-
craft position, attitude, and velocity are assumed known to this module. This module may be used to keep track
of more than one target. Integers chosen by this module are used to refer to individual targets. Input parameters
to this module may be given as variables, constants, literals, or =DB.dbitem=s.

2. Interface overview

2.1. AccessProgram Table

Program Parameters Description Undesired events

+ASGN_TGT_IDENT+

pl: =integer=; O Itgt ident!!

None

The following programs have the same UE,

%unknown target%

+FREE _TGT+ pl: =integer=; | Itgt ident!!
+S TGT_POSN+
pl: =integer=; | Itgt ident!!
p2: =timeint=; | Itransit time!!
p3: =earth_locn=; | target location
p4: =AT.distance=; | target 'ECM .altitude adl!!
+S TGT_POSN_REL+
pl: =integer=; | Itgt ident!!
p2: =timeint=; | ltransit time!!
p3: =AT.angle=; | Itgt azimuth!!
p4: =AT.angle=; | Itgt elevation!!
p5: =AT.distance=; | Itgt dlt rng!!
+S TGT_SPD+
pl: =integer=; | Itgt ident!!
p2: =timeint=; | Itransit time!!
p3: =AT.speed=; | target speed
+S TGT_HDG+
pl: =integer=; | Itgt ident!!
p2: =timeint=; | Iltransit time!!
p3: =AT.angle=; | target !true heading!!
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+S TGT_V_SPD+

pl: =integer=; | Itgt ident!!
p2: =timeint=; | Itransit time!!
p3: =AT.speed=; | Itgt v spa!!

%unknown target%

%posn unknown%

%incomp motion%
+G_TGT_POSN_REL +

pl: =integer=; | Itgt ident!!
p2: =timeint=; | Itransit time!!
p3: =AT.angle=; O Itgt azimuth!!
p4: =AT.angle=; O Itgt elevation!!
%unknown target%
%posn unknown%
%incomp motion%
+G_TGT_SR+ pl: =integer=; | Itgt ident!!
p2: =timeint=; | Itransit time!!
p3: =AT.distance=; O Itgt dlt rng!!
Effects

+ASGN_TGT_IDENT+
The programs +S TGT_POSN+, +S TGT_POSN_REL+, +S TGT_SPD+, +S TGT_HDG+,
+S TGT_V_SPD+, +G_TGT_POSN_REL+, +G TGT_SR+ and +FREE TGT+ may be
invoked with !tgt ident!! pl until after the next invocation of +FREE_TGT+ with !tgt ident!!
pl.

+FREE_TGT+ The only interface program of this module that may be subsequently invoked with !!tgt ident!! p1
iS+ASGN_TGT_IDENT+. Thisrestriction only applies until that invocation.

+S TGT_POSN+
Thelocation of pl at time p2 is assumed by this module to be the earth location p3, atitude p4.

%posn unknown% is disabled for pl.

+S TGT_POSN_REL+
%posn unknown% is disabled for pl.

+S TGT_HDG+
The !'true heading!! of the target p1’s direction of motion at time p2 is assumed by this module
to be p3.

+S TGT_V_SPD+
The speed in the aircraft !!p local vert!! of target pl relative to the earth at time p2 is assumed by
this module to be p3.

+S TGT_SPD+
The speed of target pl relative to the earth at time p2 is assumed by this module to be p3.

3. Local typedefinitions None
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4. Dictionary
Itgt azimuth!!  The lazimuth!! from the aircraft to target pl at !!transit time!! p2.

Itgt elevation!!
The !lelevation!! from the aircraft to target pl at !!transit time!! p2.

Itgt ident!! An =integer= index in the range 1..#num targets#.
Itgt dtrng!!  The slant range from the aircraft to target pl at !!transit time!! p2.
Itgt v spd!! Vertical speed of target relative to earth (down is negative).

Iltransit time!!  The elapsed time since +S_TGT_POSN_REL+ or +S TGT_POSN+ was first called with this p1.

5. Undesired event dictionary

%incomp motion%
The target motion isincompletely specified since %unknown target% was last disabled. The tar-
get motion is completely specified by either +S TGT_SPD+ with zero p3, or the combination of
+S TGT_SPD+, +S TGT_HDG+, and +S TGT_V_SPD+.

%posn unknown%
Neither +S TGT_POSN_REL+ nor +S TGT_POSN+ have been invoked since the last invoca-
tion of +ASGN_TGT_IDENT+.

%too many targets%
The number of invocations of +ASGN_TGT_IDENT+ minus the number of invocations of
+FREE_TGT+ is greater than #num targets#.

%unknown target%
+ASGN_TGT_IDENT+ has not been invoked with pl since the last inovcation of

+FREE_TGT_IDENT+ for this !ltgt ident!! or since sysgen time if +FREE_TGT_IDENT+ has
never been invoked for this!!tgt ident!!.

6. System generation parameters

#num targets#  The maximum number of targets that this module will have to track simultaneously.
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CHAPTER 5

PM.WBM: WEAPON BEHAVIOR MODULE

1. Introduction
This submodule contains models of weapon behavior and programs for all weapons. These models predict

weapon trajectories of the !current wpn!!.
2. Interface overview
2.1. Access program tables

2.1.1. Release Weapon Trajectories
Program Parameters Description Undesired events

%not rls weap%
%%wbm src not
init%%
+G_RLS T TRAV+
pl: =timeint=; O I+rlst travel +!

+G_RLS B_BEARING+
pl: =AT.angle=; O I+burst bearing+!

%not rls or sk%
%%wbm src not
init%%
+G_RLS WITHIN_RANGE+
pl: =boolean=; O I+rls within rng+!

%not rls or wall%
%%wbm src not
init%%
+G_RLS RANGE+
pl: =AT.distance=; O I+rls range+!

%not rls weap%
+G_MAX_RANGE_ANGLE+
pl: =AT.angle=; O I+max range anglet!

%wpn out of rng%

%not rls weap%

%%wbm src not
init%%
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+G_RLS PITCH_UP+
pl: =AT.angle=; O

+G_RLS PITCH_LO+
pl: =AT.angle=; O

I+upper rls pitch+!

I+lower rls pitch+!

PM.WBM

+G_RLS PITCH_SHR+
pl: =AT.angle=; O

2.1.2. Launch Weapon Trajectories

Program Parameters

I+sk rls pitch+!

Description

%wpn out of rng%

%not shrike%

%%wbm src not
init%%

Undesired events

+G_SR_A/G_I_P+
pl: =AT.distance=; O

+G_A/G_AIM_PT+
pl: =AT.angle=; O
p2: =AT.angle=; O

+G_A/A_IMP_AZ+
pl: =AT.angle=; O

+G_A/A_IMP_EL+
pl: =AT.angle=; O

2.1.3. Sourcesof Module Input

I+dt rng imp pt+!

I+alg imp pt az+!
I+alg imp pt el +!

I+alaimp pt az+!

I+alaimp pt el+!

%not Inch weap%
%%wbm src not
init%%

Each "#" of the input programs isreplaced by an integer. Each +S _..._# SRC+ program and
++S ... # INIT++ program affect the 'wbm input!! with the same integer replacement: the set of legal !'wbm

inpuﬂ!s defines the set of integers allowed in each program name. An "*" isused when referring to access name
substrings of any of the following list: "TRAJ ALT", "TRAJ_A_DIFF", "WPN_AIRSPD", "WPN_AOA",
"WPN_D_A", "WPN_PTCH", "WPN_ROLL", "WPN_A_VEL", "WPN_SR_IP", or "WPN_T_T".

Program Parameters Description Undesired events
%%wbm already
init%%
%%itm in wlist%%
++S * # INIT++
pl: =name=; | Ilsrc wbm!!
p2: =boolean=; | I'wbm runtime change!!

++S TRAJ RNG_# INIT++
pl: =name=; |

Isrc wbm!! of Itrgj range #!!
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p2: =boolean=; | I'wbm runtime change!!

++S WPN_HDG_# INIT++

pl: =name=; | Isrc wbm!! of !'w alc hdg #!!
p2: =boolean=; | I'wbm runtime change!!
%%wbm chg
method%%
%%itm not init%%
%%itm in wlist%%
%%owlist member
init%%
+S *_# SRC+ pl: =name=; | Isrc wbm!!

%%itm not init%%

%%wbm chg
method%%
+S TRAJ RNG_# SRC+
pl: =name=; | Ilsrc wbm!! of !trgj range #!!
+S WPN_HDG_# SRC+
pl: =name=; | Isrc wbm!! of 'w a/c hdg #!!
%%wlist in
wlist%%
%%err wlist%%
++SAME_*++ pl: =name=; | Isrc wbm!!
p2: =wbmdlist=; |

%%err wlist%%
%%wlist not

init%%
+S *_ WBM_SL_SRC+
pl: =name=; | src wbm!!
p2: =wbmdlist=; |
Parameters

The input parameters of type "name" may be the name of a literal, constant, variable, or DB.dbitem. The
typeclass of the entity or DB.dbitem, and a more complete description of the parameter pl are given by the fol-
lowing tables.
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Programs Typeclassof p1  P1 description

++S TRAJ RNG_# INIT++ distance Isrc wbm!! of !ltrgj range #!!
++S WPN_HDG_# INIT++ angle Isrc wbm!! of !'w a/c hdg #!!
+S TRAJ RNG_# SRC+ distance Isrc wbm!! of Itrgj range #!!
+S WPN_HDG # SRC+ angle Isrc wbm!! of !'w a/c hdg #!!
++S *_# INIT++,

+S *_# SRC+,

++SAME_*++ and

+S *_WBM_SL_SRC+ where

"*" isreplaced by:

"TRAJ ALT" distance src wbm!! of !!begin trgj alt #!!
"TRAJ_A_DIFF" distance src whm!! of !trgj alt diff #!!
"WPN_AIRSPD" speed Isrc wbhm!! of !'w a/c airspd #!!
"WPN_AOA" angle Isrc wbm!! of 'w a/c aoa #!!
"WPN_D A" angle Ilsrc wbm!! of !lw alc drft a#!!
"WPN_PTCH" angle Isrc wbm!! of !w alc pitch #!!
"WPN_ROLL" angle Ilsrc wbm!! of !w alc roll #!!
"WPN_A_VEL" velocity Ilsrc wbm!! of !w alc vrt air #!!
"WPN_SR_IP' distance src wbm!! of w srip #!!
"WPN_T_T" timeint Isrc wbhm!! of weap tt #!!

++S .. # INIT++

+S .. # SRC+

The set of legal replacements for "#' is the same as that set forth in the definition of terms as
given in the table below:

Programs Term with the same "#" subset
++S TRAJ RNG_# INIT++  !ltrg range #!!
++S WPN_HDG # INIT++ !lw alc hdg #!!
+S TRAJ RNG_# + Itraj range #!!
+S WPN_HDG_# + w a/c hdg #!!
++S *_# INIT++ and

+S * # SRC+, where

"*" isreplaced by:

"TRAJ ALT" begin traj alt #!!
"TRAJ_A_DIFF' Htrg alt diff #!!
"WPN_AIRSPD" Hw alc airspd #!!
"WPN_AOA" Hw alc apa #!!
"WPN_D_A" w alc drft a#!!
"WPN_PTCH" Iw alc pitch #!!
"WPN_ROLL" Hw alcroll #!
"WPN_A_VEL" Hw alc vrt air #!!
"WPN_SR_IP" Hw srip #!!
"WPN_T_T" Hweap tt #!!

++S .. # INIT++

++S ... # INIT++ disables %%wbm src not init%% for the !!'wbm input!! corresponding to the

program name.

If p2 is false, %%wbm chg method%% is enabled, and values for the !'wbm input!! are taken
from the present value of pl. If p2 is true, values for the 'wbm input!! are taken from the
present value of pl only until an invocation of +S ... # SRC+ for the same input.
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%%wbm already init%% is enabled for the 'wbm input!!.
%%wlist member init%% is enabled for the 'wbm input!!.
%%itm not init%% is disabled for the !'wbm input!!.

+S ... # SRC+

Until another invocation of this program the module will use pl asthe !'src wbm!! for the I'wbm
input!!.

++SAME_*++ This program declares that the sources of information for the !'wbm input!! members of the
wbmdlist are aways the same entity. Until +S ... WBM_SL_SRC+ is invoked with p2, the
source of information for all the members of p2 is pl. The 'wbm runtime change!! state of each
member of the wbmdlist is true. %%itm in wlist%% is enabled for each !'wbm input!! in p2.
%%wlist not init%% is disabled for p2.

%%itm in wlist%% is enabled for all members of wbmdlist p2.
%%wlist in wlist%% is enabled for wbmslist p2.
+S * WBM_SL_SRC+

Until another invocation of this program with the same p2 the module will use pl to obtain an
updated value for each !'wbm input!! of p2.

3. Local type definitions

=wbmdlist= Simple enumerated: a list (enclosed in parentheses, whitespace separator) of a set of !'wbm
input!! names that are members of the same term classin PM.WBM .4.2,

4. Dictionary

4.1. '+term+!s
All I+term+!s refer to the trgjectory behavior of the !!current wpn!!.

I+alaimp pt az+!
I+alaimp pt el+!
The Nazimuth!! and !'elevation!! from the a/c at !'wpn sepl!! to the !limp posn!! of an !'a/a

aoa 4!!, 'lw alc airspd 4!!, ''w alc pitch 4!! and !'w a/c roll 5!!. The !limp posn!! is assumed to
be !'w srip 2!! from the !lwpn sep posn!! , and the time interval of weapon travel is assumed
weap tt 2!!.

I+alg imp pt az+!
I+alg imp pt el +!
The Nazimuth!! and !'elevation!! from the a/c at !'wpn sepl!! to the !limp posn!! of an !lalg

aoa 5!, 'w alc airspd 3!!, w alc pitch 3! and !'w alc rall 6!!. The !limp posn!! isassumed !!'w
srip 1!! from the 'wpn sep posn!!.

I+burst bearing+!
I+t bearing+! from !wpn sep posn!! to the !!trg) end posn!! for a !'release wpnl!. The time
interval of weapon travel is assumed to be !'weap tt 1!!. At 'wpn sep!! the a/c state used by the
model is!!'w a/c hdg 1!!, 'w a/c roll 3!! and !'w a/c vrt air 11!,

I+lower rls pitch+!
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I+upper rls pitch+!
The lower and upper aircraft pitches such that an aircraft at !!'wpn sep!! with either of these
pitches and other a/c state descriptions would cause the !'release wpn!! to follow a tragjectory
through the !'trgj end posn!!. The other a/c state descriptions assumed by the model are !!'w alc
vrt air 2!, lw a/c roll 41!, ''w a/c aoa 3!! and !!begin trgj alt 3!!. The difference between the
'wpn sep posn!! and the !'trg) end posn!! is also assumed to be !traj alt diff 3!! and !!trgj range
1,

I+max range angle+!
The alc pitch at the time of !lwpn sep!! that would result in maximum horizontal travel of a
Irelease wpn!!.

I+rls t travel+! Difference between the time of !'wpn sep!! and when the !!release wpn!! travels through !'traj
end posn!!, with the following assumptions. At !'wpn sep!! the a/c stateis!!begin trgj alt 2!!, w
alc pitch 211, lw a/c roll 2!1, 'lw alc aoa 2!!, !'w a/c airspd 2!!, and !!'w alc drft a 2!!. The !ltrgj
end posn!! isalso assumed to be !!trgj at diff 2!! from the 'wpn sep posn!!.

I+rlsranget!  Horizontal distance from the !'wpn sep posn!! to the !traj end posn!! for a !lrelease wpn!! or
Nwalleyel!. At lwpn sep!! the model assumes that the alc state is !'begin trg alt 1!!, !'w alc
pitch 1!, ''w alc roll 1!, 'w alc aca 1!!, !'w alc airspd 1!!, and !'w alc drft a 1!!. The !!trgj end
posn!! isalso assumed to be !!trg) alt diff 1!! from the !'wpn sep posn!!.

I+rls within rng+!
True if the the horizontal distance from the !'wpn sep posn!! to the !ltrg) end posn!! would be
greater than or equal to !traj range 1!! for a !'release wpn!! or !!shrike!!. This model assumes
the alc state at !'wpn sep!! to be!lw alc vrt air 2!!, I'w alc roll 411, I'w alc aoa 3!!, !!begin trg alt
3!, with pitch of !+max range angle+!. The altitude difference between !!'wpn sep posn!! and the
Itraj end posn!! is also assumed !!trgj alt diff 3!!.

I+sk rls pitch+! An aircraft at !'wpn sep!! with this pitch and other a/c state descriptions would cause the
Ishrikel!! to follow a trajectory through the !traj end posn!!. This model assumes an &a/c state of
HNw alc vrt air 2I1, lw alc roll 411, 'w alc aoa 3!! and !begin traj alt 3!!. The difference between
the 'wpn sep posn!! and the !traj end posn!! isassumed !!tra) alt diff 3!! and !!trgj range 1!!.

I+dlt rng imp pt+!
The slant range from the alc at !'wpn sep!! to the !limp posn!! of an !la/g launch wpn!!. At
Hwpn sep!! the alc is assumed to have !'w alc aoa 5!!, !'w alc airspd 3!!, 'w a/c pitch 3!!, and
Hw alcroll 6!!. A (device estimate) slant range to !traj end!! is!lw srip 1!1.

4.2. Dictionary of l'wbm input!! !lterm!ls

I'wbm input!! Input to this module that may be used by one or more of its models. This may be any other
Hterm!! defined in this section.

The following series of terms are !'wbm input!!s formed by replacement of a "#' by an integer. Each
defined term with a"#" in the name forms a collection of terms called a term class. Individual terms are named by
the replacement of the "#" in aterm class by one of the integers listed with the term class definition.
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Term class Set of numbers that may  Definition

textually replace "#" in lega
term!ls

begintragj alt#! 1.3 alc altitude adl!!

Itrg) at diff #!! 1.3 The dtitude of the !'wpn
sep posn!! minus the alti-
tude of the !'tragj end posn!!

traj range #!! 1 The horizontal distance
between the !lwpn sep
posn!! and the !ltrg end
posn!!

w alc airspd #!! 14 Nalc airspd!!

w alc aca #!! 1.5 1+DI.AOCA+!

w alc drft a#!! 1.2 I+drift angle+!

Iw alc hdg #!! 1 Ialc heading!!

Hw alc pitch #!! 14 Ilalc pitch!!

w alc roll #!! 1.6 alc roll!!

Hw a/cvrt air #!! 1.2 I+alc airmass veloc+!

HNw srip#! 1.2 Slant range from !wpn sep
posn!! to !'traj end posn!!.

Nweap tt #!! 1.2 Weapon time of travel from

'wpn sep!! to !traj end!!

PM.WBM

4.3. term!Isother than Input

Ial/g launch wpn!!
A !launch wpn!! whose !!trg) end!! is at the ground level.

Ia/alaunch wpn!!
A !llaunch wpn!! whose !trgj end!! is not at the ground level.

Icurrent wpn!! The weapon whose characteristics are on the interface of DI.WCM and release conditions are on
the DI.WRS interface.

aunch wpn!! A weapon whose weapon class is $SGN$ or $RK$.

llrelease wpn!! A weapon whose weapon class is $HDS$, $MF$, SMD$, $OD$, SOR$, $SHS$, $SL$, $SM$,
$SOD$, or $SSHS.

shrikel! A weapon whose weapon class is $SK $.

Ilsrc wbm!! The variable, constant, literal, or =DB.dbitem= that is to be used by PM.ACM as the source for
an !'wbm input!!. When this module needs a value of the 'wbm input!! it will use the value of
this entity.

Itrg) end!! The end of the 'current wpn!! trajectory after separation from the a/c.

Itrgj end posn!!

The position of !ltrg end!!.
Hwalleyel! A weapon whose weapon classis $WL$.

I'wbm runtime change!!
The source of this !'wbm input!! may (will not) be changed during runtime if this state is true
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(false).

Iwpn sep!! The separation of the !current wpn!! from the a/c. For the weapon whose weapon class is $GN$
thisisthe separation of the bullet from the a/c.

Iwpn sep posn!!
The position of the a/c at !'wpn sep!!.

5. Undesired event dictionary

%not Inch weap%
current wpn!! isnot a!!launch wpn!!.

%not rls weap% _
Heurrent wpn!! isnot a!lrelease wpn!!.

%not rls or sk%
Icurrent wpn!! isnot a!lrelease wpn!! nor a!lshrikel!.

%not rls or wall%
Heurrent wpn!! isnot a!lrelease wpn!! nor a!lwalleyel!.

%not shrike% !lcurrent wpn!! isnot a!!shrikell.

%wpn out of rng%
I+rlswithin rng+! is not true.

%%err wlist%%
The members of the wbmdlist p2 are 'wbm input!! of aterm class that is different from the term
classlisted in the definition of p1l.

%%itm in wlist%%
The 'wbm input!! is a member of the wbmdlist of a previous invocation of ++SAME_...++.

%%itm not init%%

The lwbm input!! has not been set with ++S ... # INIT++.
%%wbm already init%%

++S ... # INIT++ has been invoked for the !'wbm input!!.
%%wbm chg method%%

The 'wbm runtime change!! for thisinput isfalse.

%%wbm src not init%%
At least one source of input for this access program is not a member of a wbmdlist of a previous
invocation of ++SAME _...++ and also has not been set with ++S ... # INIT++.

%%owlist in wlist%%
One or more members of the wbmslist p2 are members of awbmslist of a previous invocation of
++SAME_...++.

%%wlist member init%%
++S_..._# INIT++ has been invoked for one or more members of the wbmdlist p2.
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%%wlist not init%%

++SAME_...++ has not been invoked with wbmslist p2.

6. System generation parameters None

10-34



N

APPENDIX A

DESIGN ISSUES

The implementation of this module presents a problem because the ranges and resolutions of the sources is
not strictly known until system generation time. One solution is to write templates or parameterized
modules, in which the trandator fills in the ranges and resolutions at system generation time. This places a
large proportion of the writing of this module into sysgen time. An alternative isto use the information pro-
vided by other modules of their intention to invoke the source setting programs. This sacrifices ease of
change, but enables a larger proportion of the code to be written before the program is assembled. The
latter course enables writing of pseudocode that is more explicit about ranges and resolutions before sysgen
time, and is allowed in the implementation of this module.

1. PM.ACM

)

2

3)

(4)

()

Should input to the PM programs be explicitly listed on the interface? We have in other modules excluded
placing alist of inputs on the interface document. This was done because the association of input with out-
put was a part of the secret of the module. For the PM modules, the list of inputsis not a secret. The source
of the input may change during the execution of the program, and that is a secret of a module outside of the
PM. The users of PM programs must designate sources of inputs.

Should the simplifying assumptions about the world necessary for modeling with reasonable speed be on
the interface? This question is divided into two parts, the assumptions embodied in a choice of inputs, and
secondly the choice of constants and algorithm given the input list. As discussed above, the input list
should be on the interface, but the algorithm and physical constants need not be known outside of the
module, and constitute the modul €' s secrets.

The pullup programs in this module are a portion of the algorithm in the origina program. The pullup pro-
grams in the original program contain a mixture of assumptions about the weapon characteristics, weapon
trajectories and aircraft behavior. The programs on this interface allow a user to model the aircraft
behavior during the pullups.

Some of the output is calculated from a representation of the history of the value of sources. In previous
versions the filtering was explicit on the interface, with the period and a representation of the filtering time
constant as parameters to this module. This version of the interface hides the details of the filtering, or even
whether filtering is done at al. The only indications of filtering are in the accuracy specifications. The
users of this module need not know more.

There was previously language on the interface differentiating a model and an implementation of a model.
Through heated debate the line separating the two was judged to be arbitrary, and the distinction was to be
avoided for clarity if possible. Hopefully the present interface uses the word "model” in away that is clear
to itsreaders.

2. PM.ECM

1)

2

There are several different models that produce calculations of the same output quantity that are different
because of different assumptions of the models. The users of this module do not need to know which model
is chosen.

There are several methods of updating module-local values of variables. The proposals under consideration
were direct parameter passing, supplying a program name that could be invoked to supply a current value
and the present scheme. Use of input parameters with the output value requesting programs is inefficient if
the values of the input parameters do not change often. A scheme for communicating the names of pro-
grams outside PM that would be invoked when PM needs the values was dropped because it should not be
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Design I ssues

the responsibility of PM to update the values. The present scheme is more efficient while still retaining
flexibility for the values and even sources of input to change.

Originally there was a program on this interface returning the local rotation of the earth in coordinates that
represented local East, North and Vertical of a location on the earth’s surface. Use of this program was
found to be more expensive than merely putting the rotation rate on the interface in the quite common case
of conversion of the angular rotation to a coordinate frame that does not correspond to East, North and
Vertical on a location on the earth’s surface. The alternative of leaving the old program on the interface
and merely calling for the angular rate at the North or South pole was rejected as also having an excessive
overhead.

We would like to hide the secret of our model of the shape of the earth. We cannot completely hide this,
because the implementation of PM.ACM may be significantly more efficient if it is known that our model is
an ellipsoid of revolution. Thisisthe reason for the term !+ellipticity+!.

3. PM.HFM

1)

2

The current OFP has no specific human reaction time built in to it; rather, there is a safety margin for the
entire aircraft pullup that includes the aircraft reaction time also. We will have to guess what fraction of
that is the human reaction time.

The case could be made that update rates are device-dependent. For example, a device with a long-
persisting image would require a lower rate than one with a short-lived image to simulate continuous
motion. However, we believe that that is true only in the extreme, and that for likely A-7 replacement dev-
ices the value is human-dependent only.

4. PM.TBM

@

2

3)

(4)
()

The programs that define the target position, speed, and heading take a time parameter (as opposed to hav-
ing the module assume that the information is true when the program is called) because the data might be
old. In an extreme example, the observation may come from ancther aircraft or even a ground spotter, be
relayed to our aircraft, and be entered through the panel. By the time the data would get to this module, the
observation would be several minutes old.

The decision was made to base elapsed time from the first invocation of a program specifying the position
of atarget. The other choices considered were basing the time on the previous invocation of such a pro-
gram, or the first time the !!tgt ident!! was allocated for a target. The time of first allocation may be far
removed from the time the aircraft is close to the target and thus was not used. Basing the time on the previ-
ous invocation results in an undefined value the first time that one of the position programs is invoked for a
target. Therefore the third choice of time elapsed (positive or negative) since the first invocation of one of
the two programs setting the position or relative position was adopted.

Output estimates of slant range, azimuth, and elevation are defined with the same term as the input esti-
mates. This was done to simplify the interface specification. The alternative of defining the differences
between the terms other than one is input and the other output to this module was rejected as revealing a
secret of the module.

A previous version hid the design decision that members of the set of targets are mapped to the =integer=s.
Sincethisisadecision that is not likely to change, it was made visible on thisinterface.

This module is unimplemented for the following reasons. It can be ascertained from our Reguirements
document that in the OFP there is only one target at atime, and that it is assumed to be stationary. By our
design rules, then, that knowledge is incorporated into a Behavior-Hiding module (in our case, the Refer-
ence Point submodule of Shared Services). Since that module "knows" that none of the features provided
by PM.TBM are needed, it need not ever invoke the facilities of this module. Should the requirements
change one day and this module become necessary, then it will be implemented and SS.SY SVAL.REFPT
will be changed to make use of it -- as is the case with any other unimplemented feature anywhere in our
system.

10-36



Design I ssues

5. PM.WBM

@

2
3
(4)

()

(6)
(")

(8)

(9)

(10)

(11)

(12)

(13)

(14)

The differences in trajectory calculations between air to ground guns and rockets are hidden. The differ-
ences in trajectory calculations are not needed outside of this module. Other differences between air to
ground guns and rockets are not needed on thisinterface.

At one time we offered slant range to impact point for release weapons. This may be calculated from the
information at the present interface, if the state of the aircraft is known.

Users need not request information through this module that is available directly from the DI.WCM. This
includes the maximum range of alaunch weapon.

There need not be a program for resetting iterative calculations that need to be notified when a new weapon
is designated. This module may obtain that information directly from DI.WCM. The calculations in ques-
tion include range cal culations for medium drag weapons and slant range for launch air to ground weapons.

At one time it was assumed that a module outside of this one translated the weap_class of DI.WCM and
other information into trajectory behavior classes . After discussion it was recognized that the module
responsible for calculation of the weapons trgjectories should also classify these trgjectories into drag types.
These behavior drag types are a secret of this module.

The minimum time to release for multiple-release weapons is a policy, not a behavior of the weapon-
launching system. As such, it is not on thisinterface.

The slant range to impact offered on this interface is the slant range in the earth coordinate system. The
dant range in calculated in the airmass coordinate system uncorrected for wind may be calculated from this
value. It is this latter value that is used in the NWC-2 version of the OFP to determine whether a target is
within useful range.

The downrange miss distance rate (used for calculation of the release time interval) is assumed cal cul ated
outside of this module, because changes in motion of the aircraft are significant contributions to this quan-
tity.

Weapon trajectory calculations start from the time that the weapon leaves the aircraft. Timing constraints
such as !'+Dl.rack delay time+! !'+Dl.preparation time+! and !+Dl.rack curve classt+! are not used by this
module. Calculations of the lead time between sending pulses to the DI module and the actual release are
not calculated by this module.

All of the output quantities are specifically unfiltered unless they are described as filtered or smoothed
(azimuth and elevation of air to ground weapons).

There are two or more parts to the trajectory calculations of $GN$ and $RK$. These are the calculation of
initial velocity upon leaving the aircraft, and the remaining trajectory. The calculation of initial velocity is
more easily expressed in the reference frame of the aircraft body, but the remaining trajectory is more
easily expressed in an earth or airmass coordinate system. Since the users need the result of the trajectory
eventually converted to the aircraft body reference frame it was decided to have the results expressed on
this interface in that reference frame. An aternative considered was to not hide on this interface the fact
that there are two parts to the trajectory calculation.

Previous versions used the drag characteristics of release weapons on the interface to disallow behavior cal-
culations that were defined but not implemented. All of the calculations that were offered for low drag
weapons have a physical meaning and are computable for all release weapons. Drag types have been
removed from this interface, because the differences are not behavior, but are a policy decision whether to
calculate certain trajectory quantities for a set of weapons.

The maximum range angle in previous versions was assumed to be constant for al (low drag) release
weapons. This assumption was relaxed because this may be likely to change.

The air to air launch calculations in NWC-2 assume that the elevation angle to impact point is equal to the
lead angle (the angle by which to lead the target to compensate for the target motion during weapon travel),
and this elevation angle is not calculated. This elevation angle calculation could be unimplemented in the
fina (SCR) version.
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APPENDIX B

IMPLEMENTATION NOTES

1. PM.ACM

(1) Thisis a list of any input dependencies of !+term+!s not completely described by the definitions in
PM.ACM.4.1.

I+alc path approach+!
#max indic normal accel# and !+ECM.gravity plust! at a/c are used in addition to the inputs
listed in the !+term+! definition.

I+alc speed indic accel +!
#max indic normal accel# and !+ECM.gravity plust! at a/c are used in addition to the inputs
listed in the !+term+! definition.

I+alc horiz disp indic accel +!
#max indic normal accel# and !+ECM.gravity plust! at a/c are used in addition to the inputs
listed in the !+term+! definition.

I+alc vert disp indic accel+!
#max indic normal accel# and !+ECM.gravity plust! at a/c are used in addition to the inputs
listed in the !+term+! definition.

(2) !'+PM.alcrate East+! = - (second component of !'a/c hvel 91! x 1radian) / (!!dist 1!! + !la/c alt ad 5!!)

A range of -/+ (1:P-12 - 1:P-26) radians/second and resolution of 1:P-26 radians/second is sufficient for
I+alc rate East+!. The multiplication by 1 radian is only for type conversion; a type conversion with no
loss of resolution should replace the multiplication if such a conversion were available.

(3) !'+PM.alc rate North+! = (first component of !'alc h vel 9!l x 1 radian) x (1 - 2 x !lratio 1!l x
(Cosine(latitude of !a/c locn 311))°2) / (I'dist 1!! + a/c alt asl 5!!)

A range of -/+ (1:P-12 - 1:P-26) radians/second and resolution of 1:P-26 radians/second is sufficient for
I+alc rate North+!. The multiplication by 1 radian is only for type conversion; a type conversion with no
loss of resolution should replace the multiplication if such a conversion were available.

(4) !'+PM.alcrate Up+! =!1+PM.alc rate North+! x Tangent(latitude of !'a/c locn 3!!)

A range of -/+ (1:P-11 - 1:P-25) radians/second and resolution of 1:P-25 radians/second is sufficient for
I+alc rate Up+!.

(5) The Yavector, depressed by the !la/c aoa 3!!, is taken as the velocity with respect to the airmass. A small
angle approximation is made so that the Ya component of the airspeed is !!a/c airspd 3!!, and the Za com-
ponent of the airspeed is (!la/lc airspd 3!! x ( - +R_ANGLE_RAD+(!lalc aoa 3!!))). This vector is
transformed into the platform coordinates by use of !!body to platform 1!!, and the vertical component is
ignored (set to zero). Theresultis!+ a/c airmass veloc+!.

(6) !+v spd fm gndspd+! is (lalc gnd spd 1! x TAN(!'a/c fpa 2!!)) when the !la/c fpa 2!! is between -76° and
76°. Atall times!+v spd fm gndspd+! isin the range from #SS.vvel min# to #SS.vvel max#, if it is outside
of that range the closest sysgen value is used. The implementation of this program may involve use of the
SIN and COS of the angle instead of the TAN, selectively choosing the order of multiplication and division
to get intermediate products whose bounds are known while maintaining accuracy.
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2. PM.EMC
(1) Inthe following three implementation notes concerning the coriolis components the division by 1 radian is
only for type conversion. If an appropriate type conversion is available, it should be used, thus eliminating
any loss of accuracy.
(2) !'+PM.coriolisE+! =
[ - (2x!'+PM.erotation+! x Sing(latitude of !!location 26!!) x Second component of !!velocity 1!!)
+ (2 x '+PM.e rotation+! x Cosine(latitude of !!location 26!!) x Third component of !!velocity 1!!)
+ (M'angrate 5!! x Third component of !lvelocity 1!!) - (I'angrate 6!! x Second component of
velocity 1!1) ]/ 1 radian
(3) !+PM.coriolisN+! =
[ (2 x !'+PM.e rotation+! x Sine(latitude of !!location 26!!) x First component of !!velocity 1!!) -
(Mangrate 4!! x Third component of !!velocity 1!!) + (!'angrate 6!! x First component of !!velocity
1]/ 1radian
(4) !'+PM.coriolisV+! =
[ -(2 x '+PM.e rotation+! x Cosine(latitude of !!location 26!!) x First component of !!velocity 1!!)
- (angrate 5! x First component of !!velocity 1!!) + (I'angrate 4!! x Second component of !!velo-
city 1) ]/ 1 radian
(5) !+location ang+! is alatitude/longitude pair that is computed as follows:
Retained data SAVE: angle, initia value rad(0)
IF +ABSV+((+R_ANGLE_RAD+(!'angrate 2!! x !timeint 1!1)) <
Cosine(latitude of !!location 25!1))
THEN
SAVE :=!langrate 2!! x !!timeint 1!! / Cosine(latitude of !!location 25!!))
ENDIF
Longitude of !+location ang+! := Longitude of !!location 25!! + SAVE
Latitude of !+location ang+! := Latitude of !!location 25!! - (I'angrate 1!! x !!timeint 1!!)
(6) All subtraction and addition of entities of type longitudeis AT.MOD2

(")

This note is for !+ground range+! from !!location 4!! to !!location 5!!, abbreviated GRLOC, and !+t bear-
ing+! from !'location 4!! to !'location 5!, abbreviated BRGLOC. The algorithm, ranges and resolutions
are sufficient to implement the programs on the interface.

The following isalist of entities referred to in this note. Some of these ranges and resolutions are given for

data that is not retained. In these cases the entities are named for convenience and specification of ranges
and resolutions, and need not be named entitiesin the code.
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Entity Name Type Range Resolution
Aj REAL 0to(1- Res) 1:P-30
Ajfirst REAL 0to (4 - Res) 1:P-28
BRGLOC ANGLE 0to (1 - Res) circles 1:P-15circles
Denompartial REAL -+ (2 - Res) 1.P-28
Denominator REAL -+ (2 - Res) 1:P-28
#2D range limit# DISTANCE 22.7 nmi to 36 nmi 1:P-5 nmi
FLATTEST ANGLE_SQ Constant value/1000
FLAT BOOLEAN
GRLOC DISTANCE 0to (1:P13 - 1:P-2)nmi 1:P-2 nmi
#or limit# DISTANCE 3500 nmi to 3800 nmi 10 nmi
KSS1 REAL Constant 1:P-23
KSS2 REAL Constant 1:pP-28
KSS3 REAL Constant 1:P-31
LATDIF ANGLE -+ (1circle - Res) 1:P-30circles
Numerator REAL -+ (2- Res) 1:P-29
PHICLM ANGLE -+ (2 circles - Res) 1:P-29 circles
Thetal REAL -+ (4 - Res) 1:P-28
Theta2 REAL -+ (L:P-3- Reg) 1:P-33
Thetaj REAL -+ (2- Res) 1:P-29
X] REAL -+ (0.5 - Res) 1:P-31
CONSTANTS:
Constant Value

#2D range limit# 32 nmi.

#r limit# 3606 nmi.

FLATTEST +ANGLE_SQ R _RAD+((#2D range limit#/ !+equator rad+!)"2)

KSS1 2.0000065914

KSS2 0.0833005696

KSS3 0.009779758

Code for either value:

PHICLM := ( Longitude(!!location 5!!) - Longitude(!!location 4!1) ) x Cosine(L atitude(!!location 4!1))
LATDIF := Latitude(!!location 5!!) - Latitude(!!location 4!!)

FLAT :=(PHICLM™2 + LATDIF2) < FLATTEST

IF FLAT THEN
GRLOC := +R_ANGLE_RAD+( SQRT( LATDIF2 + PHICLM"2)) x !+hrc+! at !!location 4!!
BRGLOC :=<MOD1 ArcTangent(PHICLM/LATDIF)>

ELSE { not FLAT}
Ajfirst = [Sing(Longitude(!!location  4!1)) x  Cosine(Latitude(!!location  4!1)) -
Sineg(Longitude(!!location 5!1)) x Cosing(Latitude(!!location 5!1)) ]°2 + [Sine(Latitude(!!location
5M) - Sineg(Latitude(!!location  4!1))]"2 + [Cosing(Longitude(!!location  5!1)) X
Cosine(L atitude(!!location 5!1)) - Cosing(Longitude(!!location 4!!)) x Cosine(L atitude(!!location
a2

Aj := MIN(Affirst, (1 - 1:P-30))

Xj := SQRT(Aj) / 2.00000000

Theta2 := KSS2 + Aj x KSS3

Thetal := KSS1 + Aj x Theta2

Thetg) := Xj x Thetal

Numerator =  Sing(Longitude(!'location  5!!) - Longitude(!!location  4!1) x
Cosine(L atitude(!!location 5!1)) x Cosine(L atitude(!!location 4!1))
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Denompartial := Sine(Latitude(!!location 4!1)) x Aj / 2.0000000
Denominator ;= Sine(Latitude(!!location 5!1)) - Sine(Latitude(!!location 4!!)) + Denompartial
BRGLOC := <MOD1 Arctangent(Numerator/Denominator)>
GRLOC := Thetg] x !+equator rad+!
ENDIF

(8) !+hrc+! iscalculated using the equation referenced in [MRC] page 6-6 and the [GLOSS] definition of RM.

(9) The values of 20,925,741 feet {[MRC] page 6-11}, resolution 2,000 feet, or 6076.116 nautical miles
{[GLOSS] definition of KNM}, resolution 0.6 nmi are sufficient values for !+equator rad+!.

(10) !'+gravity plust! at the indicated location and atitude may be calculated as follows { reference [MRC] and
[NwC-2] }
I+gravity plus+! := 32.0882 ft/sec’2 + 0.169682 ft/sec’2 x [Sing(Latitude( !'location 28!!))]"2 -
3.1E-6 sec™-2 x !distance 22!!

(11) A resolution of 1:P-27 radians/second is sufficient for !+e rotation+!.
(12) A resolution of 1:P-22 is sufficient for ! +ellipticity+!.

3. PM.\WBM

(1) Any limiting of input variables must be done inside of the module. One of the variables that islimited in the
NWC-2 calculationsisthe vertical travel of the weapon.

(2) Theairmass reference frame is usually used for trajectory calculations.
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APPENDIX C

ASSUMPTIONSLISTS

1. BASIC ASSUMPTIONS

1.1. PM.ACM

(1) The airframe coordinate system is a set of orthogonal axes stationary with respect to the body of the air-
craft.

(2) Reguesters of information from this module need not be the suppliers of input. The users of the +G...+ pro-
grams do not care if a particular kind of input or input source is used to calculate an output value.

(3) A series of programs that assume a constant indicated acceleration are sufficient to model a/c pullup

(4)
()

behavior.

The inputs on the present interface, plus PM.ECM programs modeling the earth characteristics such as
wind, gravity, and earth inertial velocity are sufficient to calculate the output terms.

It is not necessary to know the thrust or drag of the aircraft during a flight with constant indicated accelera-
tion of #max indic normal accel#.

1.2. PM.ECM

oy

(2
3)

(4)
Q)

Requestors of information from this module need not be the suppliers of input. The users of the +G...+ pro-
grams do not care if a particular kind of input or input source is used to calculate an output value.

Users of this module do not need to know information about the models used by this module.

The sum of the earth’s gravity and centripetal force results in an acceleration along !!p local vert!! in the
negative direction.

INatitude adl!! ismeasured along the !'p local vert!! axisfrom sealevel.

The input states listed in the definition of the output !+term+!s are sufficient to describe the !+term+! with
acceptable accuracy.

1.3. PM.HFM

1)

2

3)

(4)

If a series of dlightly different static scenes is displayed in rapid succession, the human eye perceives con-
tinuous motion. The perception depends on the similarity of the successive scenes, and the display update
rate.

In the A-7 OFP, the static scenes used to simulate continuous motion include a small symbol that moves
small amounts across a fixed background, and a background that moves in small amounts past a fixed point.
Each display will be similar enough to its predecessor to preserve the illusion of motion, given an update
rate that is sufficiently fast.

There is a minimum amount of time required for a human to react to a stimulus. "React" means to take
some action, such as moving a control. This submodule provides a reaction time that takes into account that
minimum time interval, plus a generally accepted safety margin. The action that the pilot takes isto avoid
a catastrophe.

The reaction time is produced assuming that the pilot will notice the stimulus as soon as it occurs. It does
not include any time required for the stimulus to come to the pilot’ s attention.

AssumptionsLists
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AssumptionsLists

The reaction time and update frequency provided by this module will suffice for any human pilot. There
will never be a case when the values should be tailored to a particular pilot or class of pilots.

1.4. PM.TBM

(1) The position of atarget can be predicted by knowledge of target position at one time, velocity, and time
elapsed since target was at known position.

(2) User programs will provide sufficiently frequent and accurate reports of the position, speed, and heading of
atarget for the production of sufficiently accurate predictions of target movement.

(3) Target speed and heading may be extrapolated from position reports if not reported explicitly or as fre-
quently as positions. Target acceleration and direction changes between reports can be ignored. Straight
paths are assumed between position or heading change reports.

(4) Attitude of atarget will not be afactor in tracking the position of the target.

(5) Target speed and heading need not be calculated for the user. Position and distance at specified time inter-
valsis sufficient.

(6) It ismore convenient for the users of this module to receive position relative to the aircraft than to receive
position relative to the earth.

(7)  Any likely implementation of this module would have an explicit function from target to =integer=.

1.5. PM.WBM

oy
(2

3)

(4)

()
(6)
()
(8)

(9)

(10)

Each release weapon may have a maximum range angle independent of the altitude or other state of the air-
craft.

For release weapons, weapon release velocity (airspeed, heading, and pitch of weapon at time of release) is
determined by weapons platform (aircraft) velocity pitch and heading at time of release and weapon ejec-
tion velocity.

A maximum of one weapon is on the currently active weapon station. This is the weapon whose charac-
teristics are on the interface of DI.WCM and the same weapon whose rel ease conditions are on the DI.WRS
interface.

For any set of release parameters of a release weapon trgjectory excluding pitch angle (airspeed, height of
release, height of burst), there is one pitch angle of release for each release weapon or Shrike that will result
in maximum horizontal range.

There are two a/c pitch angles for release weapons that will result in trajectories through positions with the
same range and height of burst if the range is smaller than this maximum horizontal range. These angles
diverge from the maximum range angle as the range is decreased. The larger angle is referred to as the
upper solution or loft angle while the other angle isreferred to as the lower solution or dive angle.

There isonly one such pitch angle for the Shrike.

This module may determine when the value of the !!current wpn!! changes.

Weapon behavior need be modelled for only one weapon at atime, the !!current wpn!!.
Weapons are either release, launch, Shrike, or Walleye.

The users of this module know the difference between air to air launch weapons and air to ground launch
weapons. Different assumptions are used in the calculation of the two classes of weapons. These different
assumptions are the result of a policy decision that is not the secret of this module.

Reguesters of information from this module need not be the suppliers of input. The users of the +G...+ pro-
grams do not care if a particular kind of input or input source is used to calculate an output value.

The inputs on the present interface, plus PM.ECM programs modeling the earth characteristics such aswind
and gravity, Filter programs, DI.WRS and DI.WCM are sufficient to cal culate the output terms.
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AssumptionsLists

The azimuth to the impact point for air to ground weapons will not be used without the elevation to that
point, also the inverse is true. The same is not true for the elevation and the azimuth to the impact point for
air to air weapons.

2. UNDESIRED EVENTSASSUMPTIONS

2.1. PM.ECM

oy
2
3

(4)

Sources of input will be initialized only once.
The source of input value will be known to be constant or vary at runtime.

The direction from one =earth_locn= to itself is undefined. Sources will not specify such direction, nor will
users of this module ask for this type of direction.

The user may declare the sources of alist of data items to be the same entity, and thereafter sources of the
data items may not vary individually.

(5) The sources of input must be known to this module before they are used.
22. PM.TBM
(1) User programs will not request tracking of more targets than a value specified at system generation time.

2
3)

A user program will not reference an unassigned target identifier.
A user program will not request a position for atarget which does not have a previously reported position.

(4 Target motion is not sufficiently described without specification of all three components of motion or the
equivalent.

2.3. PM.WBM

2.3.1. Sysgen-time

)
2
3)
(4)

232
)

@)

The sources of input must be known to this module before they are used.
Sources of input will beinitialized only once.
The source of input value will be known to be constant or vary at runtime.

The user may declare the sources of alist of data items to be the same entity, and thereafter sources of the
dataitems may not vary individually.

Run-time

Release weapons, launch weapons, Shrike and Walleye each have their sets of weapons behavior measures.
The values of those measures will only be requested when an appropriate weapon is designated.

For any set of release parameters of a release weapon trgjectory excluding pitch angle (airspeed, height of
release, height of burst), there isalimit to the range of a weapon. For ranges greater than this limit there are
no possible pitches that would result in atrgjectory through the indicated position (burst height and range).
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APPENDIX D

UNIMPLEMENTED FEATURES

Not all the capabilities described in this document have been provided in the current version of the Physical
Models. A few facilities, which are not currently needed by the application program, have not been implemented.
An attempt to use an absent facility will result in an undesired event in the development version. The unimple-
mented features are described below.

1. PM.ACM

(1) The programs that set the source of !la/c pitch 9!!, lalc pitch 5!, lalc roll 5!, Ha/c roll 6!, and !'a/c t hdg
5! are unimplemented. are unimplemented.

2. PM.TBM
(1) Thismoduleis completely unimplemented.

3. PM.WBM

(1) The programs that set the source of !'w alc roll 1!!, 'w alc drft a 1!!, lw a/crall 2!, 'w alc drft a 2!!, llw
alcroll 3!, w alcroll 41, and !'w alc apa 4!! are unimplemented.

(1) The following undesired events are not implemented. If used under the conditions corresponding to the
undesired events, effect programs will have no effect and value programs will return terms with undefined
values.

%not Inch weap%
%not rls weap%
%not rls or sk%
%not rls or wall%
%not shrike%
%wpn out of rng%

4. PM.WBM

Ia/c airspd!!
Ia/c heading!!
Nazimuth!!
elevation!!
Ilimp posn!!

Unimplemented features
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+S ANGLE_# SRC+ .........
++S_ANGRATE_# INIT++
+S ANGRATE_SLIST_SRC+ ......
+S ANGRATE_# SRC+ ...............
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+S DIST_# SRCH ..o
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++S_LAT_# INITH e
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+S LOCN_SLIST_SRC+ ..............
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++S_ LONG_# INIT++ e
+S LONG_SLIST_SRC+ ..............
+S LONG_# SRC+ .........
+S MOM_ARM_ACM_SL_SRC+
++S_MOM_ARM_# _INIT++ ........
+S MOM_ARM_# SRC+ .............
++S ORIENT_# INIT++ ...
+S ORIENT_SLIST_SRC+ ..........
+S ORIENT_# SRC+ ...ccvvveviee
++S_POSN_# _INIT++ ...
+S POSN_SLIST_SRC+
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++S_PRESS # INIT++ ..o
+S PRESS SLIST_SRC+ .............
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+S RATIO_ACM_SL_SRC+ ........
++S RATIO_# INIT++ .o
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+S TGT_HDGH oo
+S TGT_POSN+ ...ovvrvierrrecnennes
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+S TGT_SPD+ ............

+S TGT_V_SPD+
++S TIME_# INIT++ .o
+S TIME+SLIST_SRC+ ...............
+S TIME_# SRCH ...cvvevervecrne,
++S TRAJ A_DIFF_# INIT++ ...
+S TRAJ A_DIFF_# SRC+ .........

+S TRAJ A_DIFF_ WBM_SL_SRC+ .

++S TRAJ ALT # INIT++........
+S TRAJ ALT_# SRC+ .............
+S TRAJ ALT_WBM_SL_SRC+
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L= TR0 (= 0TS LAY OO OT U TTSORPRRR 10-18
L T 1= 0 (= o OSSR 10-19
HAIE AITFIL bbb E R RS R R e 10-18
I+alt diff sr+! 10-19
Haltitudead!! ... 10-18
I+altitude sr+! 10-19
Lo =T OO 10-15
L g0 (= ST TSSOSO P T ST S VTP PTOTTPRPEOTTRPUON 10-15
THDBIO AITH! oo E R AR AR h R bRt bbbt 10-19
THDUPSE DEAMNIGH! ..ottt bbb b bbb bbb bbb bbb b h bbb h R bbb bbb bbb bbb bbb 10-30
THCOMOIS B! o b bbb bbb bbb bbb bbb bbb 10-19
TECUITENT WPNIT e bbb b s R0 bt e bR E e e b e e R bR s e R b e b et se bbb e s e e b et n b r e 10-32
THABNSTALIOH! .o bbb bbb bbb bbb bbb bbb 10-19
IHAISPIBCEMENT 11 ..t b bbb bR bbbttt 10-8
R T SO SO 10-8
THAISEBNCE AL oo E e E 8RR RS R R bR E e 10-15
1+drift anglet! 10-6
FHE GISEH! bbb bbb bbb bbb 10-19
I+erotation+! 10-19
TEEOIMUINPULT! ettt bbb b kbbb bbb bbb bbb bbb bbb bbb bbb b b e bbb bbb s bbb bbb 10-16
TTERIEV @NGT ot R RS h R h e 10-18
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L= LT oL Loi] Y TSSO P T SO PT O TRSOPOTTRPON 10-19
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L0110 7 1T 1= TP 10-6
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L0100 a0 I T o T USROS 10-19
THRAQ FELEEH! .ttt b et b et e bbb e b e b eh £ eE e b e R e e e A ek e a e e e b e R e £ e A e R e £ b e A e R e A e e b e R e e e A e b e n e eE e b e bt e nbebe et eeenereebenenn e 10-6
I+horiz veloc fm airspd+! ... 10-6
I+horiz veloc fm gndspd 1+! 10-6
I+horiz veloc fm gndspd 2+! 10-6
THNOMZ VEIOC FIM TBVEIH! e e e et 10-6
THROMIZ VEIOC IMCIF! ettt b bt s e b oAbt e e b e R £ e A e R e e b e A e R £ A e e b e Rt e e A e b e neee e b e bt e ebebe e b esene st ebenennas 10-7
T OO OO 10-19
THRIC EBSEH! ottt b bbb bbb bbb bbb h b bbb R bR b bR bR h bR R bRt R bR R bR 10-19
L2 2173 N\ 41 OO TSROSO 10-19
LR 0o L= SO 10-16
THHAUNCR WPNIT ettt b ettt b e b e b e R s oS b e R e e 48 e b £t e A e b e R e S e A e R e £ E e R e R e A e e b e R e e e A e b enene e b e bt e nbebe e b esene st ebenennan 10-32
LRl T g - OSSOSO 10-16
THIOCEION BNGH! 1.ttt b bbb bbb bbb bbb bbb bbb bbb h bbb b b bR bR bR R bR bRt b R bbb 10-20
I+location brg+! ... 10-20
R oot (o] o T i SO 10-20
THIOCEHION BIEVAH! <.ttt b et bbb e b bt R s e e b e R e e e A e b et e e b e R e £ e A e R e AE R e R e R e A e e b e R e e e A e b e ntee e b e R et e b e R et et e s e neneebenenn e 10-20
L2 0T g o OSSOSO 10-20
THIOCAION SIH! ettt b bbb bbb bbb bbb bbb bbb bbb bbb b h b bR b b h R b h b bR R bRt b R bbb 10-20
L2 0N g g £ o1 (e o OO SOOI 10-30
L =0 = oY OO STRTRRSRS 10-20
I+max range angle+! 10-31
TIMOMENT GIM AL ettt h b e et b b oo st e H et e h e b e s e e e e b e b oAb e s e e et eE e R e eh e e b e A e e s e e b e b e e e a e ne et e st ebese et et e et e s enenaenean 10-8
TN GISEH] et bbbk b bbb bR h R b h R b h bbb R b h R bR bR R bR R bR AR bRt b R R 10-20
THNOMMIAL BCCEIF! bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb 10-7
I+orient diff+! 10-20
Horientation #! ... 10-17
10-18

10-18

10-18

10-18

10-18

10-22

10-7

10-18

10-17

10-8

10-32

THFISTANGEH! .otttk b bbb bbb bbb bbb bbb b e bbb bbb bbb b b e b e bbb R e R e b e bR bR R bR R bR b R h e 10-31
THIIS T EFAVEIH! ettt ettt ettt et h e b b £ b bt R sE e b e R e £ 4 ek et e A b e R e £ e A e he A £ b e b e R e AE e b e R e e A e b e nteE e b e bt s eEebe e b ebenenenbene e 10-31
THFISWITNIN FNGH! bbb kbbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb b b st bbb eh bbb na e 10-31
FHFOI] FBEEH! ettt b et b bt e bt E b e Eeheh £ 48 S EeH £ e 48 e E et e E b e RS e A e R e £ R b e R e A S e b e h e e E e b e ntee e R e Rt e e e e R et b et b nenn 10-7
HIPUNEIME CRENGE!! ..o bbb bbb bbb bbb bbb bbb bbb bbb bbbt b bbb bbb bbb bbb 10-18
FESNITTKEIT ettt bbb b bbb bbb bbb bbb bbb bbb bbb b e bbb b b h bbbt h b h R b bR b h e b R h e 10-32
TSR FIS PIECIF] ettt bbb e b b s e e b e R e e 4 e b et e A e b e R e £ e A e h e A £ £ e b e R £ AE e b e R e e A e b e nEeE e b e bt s e b e be e b ebeneneebenenna 10-31
ndtrng!! ... 10-18
LS LR 0T = L TSSOSO P T RS TTTOPT O TRTROPORRROON 10-20
FHGIEINIG O] bbb bbb bbbk b bbb bbb bbb bbb bbb R bbb bbb bR b bR bbb bbb 10-20
THSIEINQ MNP PEH! bbbt bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb bbb e bbb bbb 10-31
THSOUND SPEEOH! ..ttt b et et e b e e b £ e b e b e R £ 4 £ e b oA e e 44 e b et e A b e R e £ e A e b e e b eh e R e A e e b e Rt e e A e b entee e b e b et e b ebe et eeeneneebenenn s 10-20
L o=t 1 3L SO TP 10-9
LS ol = o1 1L OSSOSO TP PE TSROSO TRSOPORRRUON 10-18
Hsrewbm!! e 10-32
14+SYMBDOl UPAAEE PEFTOUH! ...ttt b bbb bbb bbb bbb bbb bbb h bbb bbb bbb bbb 10-22
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I+upper rls pitch+! ..

1+v spd fm airspd+!

I+v spd fmalt+! ...
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4. Undesired Events

Q0%08CIM Al TEAAY INMITYOVD .....uvvvrrieieieieiete ettt ettt ettt be b e bbb bbb et e bt et e b et et e b e ke b e bk e b e b e b e b e b ek eb e b b e b e b ek e b e b e b e b e b b e b b e b e b e b b e b e b e b et e b ek et e b et et ebebebebebeta
YOY0ACIMN CNY MELNOOYOY0 ....viueeeteiieeietee sttt sttt ae b e e e b et s e b e he s e b e bes e s e e b e Re e £ b e b e e s A b e e A e b e R e s £ e b e b e R £ e A e b e s e e e b e b et ne e b et b et ebeneebebene e ee

%%acm src not init%%
%%acmdlist not init%%

%%oal ready init%% ..
%%chg method%% .
%dir undef% ............

L= w1 TS 0 AT TN RS

%%err acmslist%% .
%%oerr wlist%% .......
%incomp motion% ..

%%incons ecmlist%%

B LA 01 T OSSR
L LTI o a0 LS PSSR

%%itm in wlist%% .
%%itm not init%% ..
%not Inch weap% ...
%not rlsor k% .......
%not risor wall% ...
%not rlsweap% .......
%not shrike% ...........
%posn unknown% ..
%%osrc not init%% ...
%too many targets%
%unknown target% .

VOYOWDIM BITEAAY INITYOYO ......vvveieieieteietetet ittt b bbb bbb bbb bbb bbb bbb b bbb e b bbb e bbb e b eb bbb e b bbb bbb e b b et e b e b e b e b b et ebeb et et eb et ebebena
YOYOWDIM CNY MELNOUYOYD ...ttt ettt e bbbt s b h e s e e b e e e b e b e e s A e b e e S e b e Re s £ e b e b e R £ e o e b e s e ee e b e b e e eb e b et b et ebe st e bebene e es
DOYOWDIM ST NOL TNMITYOYD ...ttt ettt ettt b bbb bbbt h b bbb bbb bbb bbb e b b e b e b e b b e b e b eb e bbb e b e b b et e b b eb e b e b ebebebeb e b e b et ebeb et ebeb et eberene

%%wlist in wlist%%
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YOYOWI I SE MEIMDEE INITYOY0 ...vrvvveveeieeteiesiseeeesteeeseseste e see et sessese e ssese e seseseseetesesess et eseseesase e s eesese s e sese e e b seneaenEene e e s eseneneesane s et enenentesnneneee

%%wlist not init%% ....

%wpn out of rng%

5. System Generation Parameters

#2D range limit# ...........
HOr liMitH v

FHMEX INAIC NOIMAl BCCEIFE ...vvveveeteiteiee ettt a e st e s e e tesbe e ese st e s e s eesesaeseese et enseaeese et eseeseaseseese e b e benseneesenseseebesaeneesentensenennenen

#max wind magnitude#

#num targets# ...............

#std o dens# ...
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